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THE COSMICAL ABUNDANCE OF THE ELEMENTS’ 


By Dr. HENRY NORRIS RUSSELL 
PRINCETON UNIVERSITY OBSERVATORY 


KIGHTY-EIGHT chemical elements are known-—(not 
counting two whose isolation is still a matter of con- 
troversy, nor unstable isotopes of short life, pro- 
duced artificially). For all these, methods of isola- 
tion and of qualitative and quantitative analysis have 
been developed in chemical and physical laboratories, 
so that it is only a matter of hard work for the ana- 
lyst, presented with a sample of matter of any sort, 
to determine its composition with accuracy. The sim- 
plest definition of composition alone concerns us here 
—the relative abundance of the elements in our speci- 
men. We may measure this by weight or by the num- 
bers of atoms of different kinds. The chemist is 


‘An address delivered at the symposium, September 26, 
1941, in connection with the Fiftieth Anniversary Cele- 
bration of the University of Chicago. 


likely to do the first, the astrophysicist the second. 
As one of the latter, it is not my place to-day to do 
more than mention the many methods by which the 
chemist separates the various elements, and avoids 
loss of them in the process. Suffice it to say that the 
separation is sometimes easy, sometimes very difficult 
(as for the rare earths). The best available tests are 
much more sensitive for some elements than for 
others, and it is peculiarly hard to detect the latter 
when they are present in but small proportion, say 
less than one ten-thousandth of the whole mass. 

The physicist can at times come in to ease the situ- 
ation. Radio-active tests are available for but a small 
number of the elements, but can detect these in ex- 
cessively small amounts. 
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Spectroscopic observations, in the romantic age of 
science, seventy years or so ago, led to the discovery 
of several of the rarer elements. For many years, this 
method, except for simple applications in qualitative 
analysis, was left to the astronomers. In recent times, 
however, it has been developed into a very rapid and 
fairly accurate analytical procedure, of considerable 
practical value. It has the great advantage that all 
the constituents which are present in the sample may 
be investigated at once, by a single process: but 
though the tests for some elements are of great deli- 
cacy, those for others are of such low sensitivity as 
to be substantially useless. Fortunately, the spectro- 
scopic tests are often delicate when the chemical pro- 
cedure is troublesome, and the two supplement each 
other. 

To find, even roughly, the cosmic abundance of the 
elements is another thing. We can get a good deter- 
mination of the terrestrial abundance provided that 
we define this adjective to mean the abundance within 
the thin superficial region on.our planet extending a 
few miles above its surface and a mile or two below. 
The geologists can help us out by structural studies 
that extend the region in which the nature of the 
rocks may reasonably be inferred a few miles deeper. 

But, even so, our knowledge is confined to a surface 
shell of our planet far thinner in proportion to its 
diameter than the skin of an orange or even an egg- 
shell. 

Making the best of what we have, and combining 
analyses of rocks of various kinds, of sea-water and 
of the air, in proportion to the total mass of each, we 
ean get a very good idea of the composition of the 
earth’s crust—that is, of everything that lies above 
some arbitrary depth such as ten miles below sea-level. 
We have here a solid mass of silicates of a few well- 
known metals, with a wash of water on its surface. 
Oxygen, whether by weight or by number of atoms, is 
the most abundant element. Silicon is next; and then 
come six metals, aluminium, iron, magnesium, calcium, 
sodium and potassium. These eight elements account 
for nearly 98 per cent. of the whole by weight. The 
hydrogen in the sea-water makes up but a part of the 
remaining 2 per cent. | 

But this surface layer is not likely to be a fair sam- 
ple of the composition of our planet: and, indeed, we 
know that it is not. Measures of gravity on the 
earth’s surface, and of its variation from equator to 
pole, show that the mean density is nearly twice that 
of the superficial rocks, and the central density much 
higher; and seismological studies reveal the existence 
of a central core nearly 4,000 miles in diameter, which 
appears to be liquid, and of at least one considerable 
discontinuity in density in the shell which overlies this. 

We would be completely at loose ends, were it not 


VoL. 94, No, 2443 


that nature generously provides us with other gan. 
ples, in the form of the meteorites which fall to the 
earth’s surface from interplanetary space. 

The larger ones, which get through the atmosphere 
and can be studied, show a considerable variety of 
composition. Some are masses of silicate rock; sone 
are composed mainly of iron, alloyed with nickel; anq 
some contain large quantities of metallic sulfides. y. 
M. Goldschmidt, the greatest authority on geochen. 
istry, estimates that on the average there are ten parts 
by weight of stone, two of iron and one of sulfides, 
Taking an average on this basis, we may hope to have 
something more fairly representative of the cosmos 
than is the skin of our planet. 

We must still be cautious. Accurate photographic 
observations of the trails of bright meteors, of which 
a good many have been secured in the last few years, 
show that almost all of them, before they hit the earth, 
were pursuing elliptical orbits of rather short periods, 
and were, in effect, tiny asteroids. They are samples 
of the solar system, perhaps, but not of the universe 
at large. The belief that most meteors have invaded 
our system from interstellar space has been greatly 
weakened by these new and much better observations 
—though it may well be true for the tiny shooting 
stars which are consumed in the upper air and never 
reach the ground. 

Moreover, the fiery ordeal which even a large mete- 
orite undergoes by friction in the atmosphere may 
have a strongly selective effect in determining what 
gets through. 

In the heads and tails of comets, the spectroscope 
reveals an abundance of gaseous compounds of car- 
bon and nitrogen. It seems clear that these gases 
escape from solid particles in the comet’s nucleus, 
when they are warmed by the sun. But ordinary 
meteorites are not rich in such compounds. It may 
quite possibly be that among the solid cometary par- 
ticles, some are composed largely, if not entirely, of 
carbon compounds. Such a body, in its flight through 
our oxygenated atmosphere, would be utterly con- 
sumed. It would, in Billy Sunday’s famous phrase, 
“have no more chance than a celluloid dog chasing an 
asbestos cat through Hell.” So we can not be any 
too sure that we have a fair sample in the meteorites 
which are picked up. But, anyhow, we have the best 
there is. 

The average composition of meteorites differs from 
that of the earth’s crust significantly, but not very 
greatly. Iron and magnesium are more abundait, 
and nickel and sulfur rise from subordinate positions 
to places in the list of the first ten. Silicon, alumi 
ium and the alkali metals, especially potassium, lose 


_what the others gain. 


The composition of the earth as a whole is prob 
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ably much more similar to the meteorites than that of 
ts “erust,” which is substantially that of the granitic 
rocks which form the basement of all the continents, 
but extend to a depth averaging less than twenty 
miles. Granites are rich in aluminium and the alka- 
lies, While the deeper and denser rocks are ferro- 
magnesian. The known properties of the central core 
are entirely consistent with the assumption that it is 
composed of molten iron—though not enough to prove 
it. The generally accepted belief that it is composed 
of nickel-iron is based on the ubiquitous appearance 
of this alloy in metallie meteorites. 

It is the earth’s crust, then, and not the meteorites, 
which we may regard as peculiar in composition. Its 
distinctive characteristics follow from the reasonable 
hypothesis that it is a segregate from an originally 


F molten magma which, being lighter, floated upon the 


main basaltic mass, while the dense molten metals 


Scank to the center, and water-vapor and the perma- 


nent gases escaped to the surface. 

In such a separation, certain elements tend to be 
concentrated in each phase. V. M. Goldschmidt, the 
principal authority on this subject, distinguishes the 
siderophile group of elements which dissolve prefer- 
entially in the molten iron, the lithophile group which 
go mainly into the silicate layer and the atmophile 
group which escape, as free gases or volatile com- 
pounds, and form the ocean and the atmosphere. 
Chemical considerations suggest the existence of a 
fourth chaleophile group, which would concentrate in 
the layer of metallic sulfides which would form if 
enough sulfur were present. Such a sulfide layer, in 
the earth, would lie just outside the metallic core (and 
be considerably denser than the superimposed sili- 
cates), but there is little seismological evidence in 
favor of its existence. 

There are many interesting details. Rare elements 
with atoms or, more precisely, ions of about the aver- 
age size tend to slip in here and there into the erystal- 
lattices of the minerals which compose the bulk of the 
rocks, and get lost—so that ordinary analysts have a 
hard job to find them. Those with unusually small 
ions, such as lithium, or large ones, such as the rare 
earths, remain in the residual fluid magma, and are 
concentrated in the granitic layer, and in 


} the pegmatites, which solidify last. 


We can eseape from our planet and attempt a truly 
cosmic analysis, with the aid of the spectroscope alone 
—happily a very powerful aid. 

The qualitative analysis of the sun and stars, which 
recognized in them the familiar elements, still presents 
the most impressive of all evidence of the uniformity 
of nature, - 

No technieal prose can express its philosophic 
aspect as well as Stedman’s stanza: 
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White orbs like angels pass 
Before the triple glass 

That men may sean the record of each flame, 
Of spectral line and line 
The legendry divine 

Finding their mould the same, and aye the same, 
The atoms that we knew before 
Of which ourselves are made,—dust, and no more. 


Returning from poetry to prose, we note that, at 
first glance, the stars, though revealing only known 
elements, appear to be very different in composition. 
Some show a host of lines of the.metals, others rela- 


tively few, belonging to the permanent gases. Twenty 


years or so ago the riddle was solved, when Saha, ap- 
plying the newly developed theory of ionization, 
showed that these differences were primarily to be 
attributed to temperature. This is too long and too 
well known a story to tell now. It may suffice to say 
that, in the cooler stars, the non-metals are not stirred 
up sufficiently to absorb lines in the rather narrow 
spectral regions which can be observed through our 
atmosphere, while in the hotter ones the metals, by 


repeated ionization, are put into a state where they © 


absorb only in the inaceessible ultra-violet. Miss 
Payne’s pioneer conclusion of 1925, that the general 
run of stars are very similar in composition, has been 
fully confirmed by subsequent investigations. 


Aided by the advance of atomic theory, astrophys- — 


ics has identified almost every important spectral line 
which has been observed in extra-terrestrial sources. 
We find, in every once-perplexing case, familiar ele- 
ments, shining under unusual conditions. In the 
nebulae, for. example, the atoms are undisturbed by 
collisions long enough to allow them to emit lines 
which would normally be “forbidden.” The last great 
riddle—the spectrum of the solar corona, has been 
interpreted by Edién in terms of forbidden lines of 
very highly ionized but familiar atoms of iron, ¢al- 
cium and nickel. 

For a detailed analysis for many elements, we must 
have spectra of high dispersion, showing the fainter 
lines, and resolving close groups. In the sun, which 
gives us plenty of light, sixty elements have been iden- 
tified. For almost all the rest, the strong lines are in 
inaccessible parts of the spectrum, and the observable 
lines should at best be very faint so that failure to 
find them is not surprising. 

Spectra of the brighter stars, taken with great tele- 
scopes and spectrographs, show a wealth of detail. 
The most complete study so far, on Beta Pegasi, has 
identified more than forty elements. 

Quantitative analysis is always more difficult than 
qualitative. It stands to reason that, the more atoms 
are at work producing a spectral line, the stronger 
the line will be. But the relation is complicated. Even 
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with an absorbing layer of gas in the laboratory, of 
uniform pressure and temperature, the increase of 
strength of a line with the number of atoms is rapid 
for faint lines, slows up very much for those of mod- 
erate intensity, and increases again for strong lines, 
though to a less degree than at first. 

In a stellar atmosphere, which has no sharp bound- 
arise, but thins out gradually into space above, and 
becomes increasingly hazy below, the situation is more 
complicated, but the curve of growth which finally 
emerges from the analysis is of very similar form. 

The exact shape of such a curve is influenced by the 
temperature of the atmosphere, turbulent motions 
within it, and by the influence of collisions between 
atoms in broadening the stronger lines. For any given 
star, it must be found by observation. With good 
spectra, it is fairly easy to measure the equivalent 
widths of the lines, which indicate how much light 
each one cuts out of the spectrum. The “number of 
atoms acting” to produce a line is a somewhat Pick- 
wickian phrase. A given line of iron, for example, is 
absorbed only by those atoms which happen to be in 
a certain one of the hundreds of energy-states in 
which the atom can exist. 

The fraction of all the neutral iron atoms which are 
in such a state depends upon the “weight” of the state 
and on the temperature. But atoms in this state can 
absorb many different lines. What proportion of 
them “works” on any one of these lines is fixed by the 
laws of spectral structure: but it can at present be 
calculated theoretically only for the simplest spectra, 
such as that of hydrogen. In complex spectra, how- 
ever, there are numerous line-groups, known as mul- 
tiplets, in which the relative numbers of atoms acting 
to produce the lines—the transition-probabilities—are 
given by fairly simple formulae. With the aid of 
these, and of extended groups called supermultiplets, 
it is possible to find the relative number of atoms 
which act to produce lines of known equivalent 
widths, and so by a process of successive approxi- 
mation to draw the curve of growth and find the “ex- 
citation temperature” of the atmosphere as well. The 
multiplet formulae are approximations based on a 
simplified theory which overlooks numerous compli- 
cations. It is probable, however, that the resulting 


errors average pretty well out when numerous mul-: 


tiplets are used. 

The actual line-strengths may be found by labora- 
tory measures. These are difficult, and great care 
must be taken to avoid systematic errors. Progress 
along this line is at present rapid, and we may hope 
to have, in a few years, measured intensities which 
remove the uncertainties just mentioned. The theory 
will doubtless advance too, but it is going to be very 
complicated. 
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The absolute number of atoms, per square cont, 
meter of the sun’s surface, is harder to determing 
But this tells us about the opacity of the atmospher 
—how far down we can see into the increasing jnea), 
descent fog—and not about its composition. 

It is, however, important to know whether ty 
atmosphere is equally opaque for light of differey 
wave-lengths. Otherwise, we have to allow for ti 
fact that we “see down” deeper, and through a greaty 
quantity of gas, in some parts of the spectrum tha 
in others. There is fortunately an independent te 
for this in the degree of darkening of the solar dig 
toward its edge. This shows that the differences 
general opacity are small and no serious error is ¢oy. 
mitted by ignoring them. 

If the same curve of growth can be used for ling 
of all elements—which again is probably a tolerabk 
approximation—we can find the numbers of atoms of 
various elements which are engaged in the production 
of lines in the observable part of the solar spectrin 
(from about 3,000 to 12,000 Angstroms). 

If we know the transition probabilities we can pas 
from the number of atoms “doing” a particular line 
to the whole number in the atomic state from which 
it is absorbed, and then the number of atoms in othe 
states, and so to the whole number of atoms of the 
element. 

Here we meet another complication. Neutral 
atoms, and those which have lost one, two or more 
electrons have entirely different spectra, which must 
be treated separately. In the sun only atoms whic 
have lost one electron, or which retain them all, are 
important. In the stars, we have many which have 
lost two or three. 

The pereentage of atoms in these successive conti- 
tions depends of course on the energy necessary 10 
pull the electrons off—the ionization potentials—ani 
also on the temperature and the pressure of the gas 
For several elements—calcium, titanium, ete.—the 
methods previously described give good determine 
tions of the numbers of both neutral and singly ion- 
ized atoms. From these the pressure can be fount 
(a suitable average representing the atmosphere 4s‘ 
whole). Thus, if we know for other elements the 
numbers of atoms in either the neutral or the ionizel 
state we can calculate those in the other, and arrive # 
last at a complete census of the atoms of a give! 
element. 

The first attempt to analyze the sun’s atmosphet 
in this way was made by the speaker twelve yei® 
ago. It was emphatically a reconnaissance in nev 
territory. The theory of the curve of growth did n0 
then exist; the equivalent widths had been measure! 
for only a very few of the strongest lines, and only 
Rowland’s estimates of intensity, on an 
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seale, were available for the rest; and there was no 
way of determining whether lines of the same inten- 
sity in different parts of the spectrum were produced 
by the same number of atoms. 
It is remarkable that, with these handicaps, the re- 
sults were as good as they were. When the old cali- 
I pration is converted into a curve of growth, the agree- 
ment with the curve recently adopted by Menzel and 
now widely used is very close. 
| A similar analysis, using all modern refinements, is 
Being made by Dr. Goldberg. Through his courtesy, 
Iam able to present a preliminary comparison of the 
older results with his. After allowance for the dif- 
ference in zero-points, and in the assumed tempera- 
ture of the solar atmosphere, the average deviation 
between the two determinations of the logarithm of 
the number of atoms above the photosphere is + 0.28 
for 19 elements for which the data are good or fairly 
good. This corresponds to a factor of 1.9—small 
compared with the range in abundance among these 
elements, which is about 200,000-fold. The agreement 
}for the weaker determinations is as good as could be 
expected, except for beryllium, where the results de- 


= pend on two faint lines near the ultra-violet limit of 


the solar spectrum, where neither investigation had 
any observational test of an extrapolated calibration. 

The actual numbers of atoms “above the photo- 
sphere” are smaller in Goldberg’s list than in mine, 
by an average factor of about 30. This comes from 
his application of a @orrection for collisional broad- 
ening of the strong lines, which is undoubtedly sound, 
but was not so much as\imagined twelve years ago. 

Goldberg’s caleulations have not at present been ex- 
tended to the rarer elements, whose presence is re- 
vealed in the sun only by weak lines, for which the 
equivalent widths have not yet been measured. For a 
comparison with Goldschmidt’s data for meteorites, it 
is therefore still necessary to use the older analysis 
of the sun’s atmosphere, which included 56 elements. 

For the more abundant elements, which are not more 
than 100,000 times rarer than silicon or iron, the 
average discordance is + 0.45 in the logarithm (a 
factor of 2.8) which, considering all the uncertainties 
of determination, does not indicate any definite differ- 
ence of composition. For the rarer elements, Gold- 
schmidt’s values are greater than mine by a factor 
which ranges up to 20 or 30 for the rarest. These 
elements have to be determined from very faint 
Fraunhofer lines. For such lines the calibration at 
Harvard by Menzel, Goldberg and Cook (1940) gives 
4 much larger number of effective atoms than the old 
a of 1929, and it is probable that the latter is at 
ault, 


There is therefore no present reason to conelude 
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that meteorites differ in composition from the sun’s 
atmosphere, so far as the metals are concerned. 

For the non-metallic elements, especially the lightest 
ones, the situation is radically different. It is not 
easy to determine their abundance in the sun. Carbon, 
oxygen and sulfur have fairly strong lines in the deep 
red, and nitrogen faint ones, from which the number 
of atoms in the excited states which absorb these lines 
can be fairly well determined. But these states are 
highly excited. The number of atoms of each element 
in the normal state is enormously greater, by a factor 
whose value changes rapidly with the temperature. 
We do not yet know the temperature of the region in 
the sun’s atmosphere where these lines are absorbed 
accurately enough to enable us to calculate good values 
of these huge correction factors. But despite this un- 
certainty, it is evident that these elements, except per- 
haps sulfur, are at least as abundant as the most abun- 
dant metals, and may be much more so. 

Hydrogen stands by itself. Its lines are peculiarly 
subject to broadening by many influences, so that they 
can not be used to determine its solar abundance, ex- 
cept to show that it must be very great. 

There are, however, several indirect ways of esti- 
mating the abundance of hydrogen relative to other 
elements, in the sun and the stars. No less than six 
of these have been worked through by various investi- 
gators, and all agree that measured by the number 
of atoms, hydrogen is at least a thousand times more 
abundant than all the metals together. The separate 
determinations of this ratio run from 1,000 to 8,000. 
The large values appear to be the best, so that we may, 
for the present, adopt 5,000 as a round number. 

The abundance of the inert gases—helium, neon, 
argon, ete.—can not be determined at all in the sun, 
for they show no absorption lines, and only helium 


appears in emission in the chromosphere. 


This serious gap in our knowledge has been filled 
by an investigation by Unsdéld based on measures of 
line-widths in spectra of the star Tau Scorpii, taken 
at the McDonald Observatory. This star is so hot 
that the atoms of helium and neon are got into con- 
dition to absorb spectral lines. By a very ingenious 
method Unsdéld has avoided the difficulties presented 
by the high temperature, and determined what appear 
to be reliable values for the abundances of the light 
elements, and also of magnesium, aluminium and 
silicon. He finds that, for every atom of magnesium 
or silicon (which are almost equally abundant) there 
are approximately 3 of carbon, 6 of nitrogen, 16 of 
oxygen, 18 of neon, 3,000 of helium and 16,000 of 
hydrogen. The enormous preponderance of hydrogen 
is again confirmed, and helium turns out to be a rather 
good second. 
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It is to be hoped that tnese results, which are much 
the best so far obtained, will soon be confirmed by 
similar studies of other stars, and that it may be pos- 
sible to find in the same way the abundance of fluorine, 
sulfur, phosphorus and argon. 

A large field for such studies is already available 
in the high-dispersion spectra of bright stars which 
exist at Mount Wilson, McDonald and some other ob- 
servatories. Pending such precise studies, only large 
differences of composition among the stars can be de- 
tected by more obvious methods. In a number of 
important cases, these certainly exist. The most 
notable example is furnished by the stars of classes 
R and N, whose spectra show enormously strong bands 
due to carbon molecules and carbon compounds. Here 
there is no doubt that, as the late R. H. Curtiss first 
suggested, we have to deal with reducing atmospheres 


in the ordinary chemical sense, containing more carbon 


than oxygen, while the great majority of the cooler 
stars have oxidizing atmospheres, the excess of oxygen 
permitting the formation of the metallic oxides, which 
show in their spectra. Why a few of these stars show 
strong bands of zirconium oxide and most of them 
those of titanium oxide is not known. 

At higher temperatures, where compounds are dis- 
sociated, differences in composition are spectroscop- 
ically less conspicuous. One star of about the sun’s 
temperature, R Coronae Borealis, has been found by 
Berman to contain carbon in great excess and little 
hydrogen; and another, Upsilon Sagittarii, analyzed 
by Greenstein, shows helium in great preponderance 
and hydrogen almost absent. 

There are many minor peculiarities—stars with 
strong lines of silicon or strontium or barium—which 
when fully analyzed may yield results of great in- 
terest. There is enough here to do to keep the great- 
est telescopes, and more astronomers than are likely 
to work at it, busy for years to come. 

Outside the stars the opportunities of spectroscopic 
investigation are few, but of great interest. 

In the gaseous nebulae, and in the envelopes which 
surround novae, atoms thinly strewn in space, near 
very hot stars, are set shining either by the direct 
effects of their radiation, or by radiation emitted by 
other atoms in the nebula, or by collision with elec- 
trons ejected from such atoms. These special condi- 
tions favor very strongly the emission of forbidden 
lines, and elements which have such lines in the ob- 


servable region have much the best chance of detec- , 


tion. The light elements—nitrogen, oxygen, fluorine 
and neon—have this advantage, and are frequently 
found, as are sulfur, chlorine and argon. Hydrogen 
and helium, though possessing no forbidden lines, are 
very much in evidence, and must be here, as every- 
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where, overwhelmingly preponderant. The metals ate 
here at a spectroscopic disadvantage, but faint lines 
of several of them have been found, and it ADpeary 
that, allowing for the very different conditions of 
citation, there is left remarkably little evidence , 
difference in composition. 

Still more thinly strewn are the isolated atoms ay 
molecules which are to be found in interstellar spay 
These reveal their presence only by absorbing the ligh; 
from distant stars. 

Once again they represent a peculiar state of 1, 
ter, in which the atoms, as a result of long perio 
of complete isolation, unload any excess of energy 
which they may have contained, and all settle dow 
in the ground state. In this condition the lines a» 
greatly reduced in number. Of the thousands of iro, 
lines, a dozen or so are left—of which only the stroy. 
est has been observed, while the great and compl 
cyanogen band reduces to a single line. Many abu. 
dant elements, for example, magnesium and silicon, 
are thus removed from our observation, since thei 
remaining lines lie in the far ultraviolet, and are ext 
off by the ozone in our atmosphere. The few whic 
have been detected are common elements—sodiun, 
potassium, calcium, titanium and iron—with the con- 
pounds CH and CN. Hydrogen is not directly ob- 
servable, but the presence of lines of both neutral and 
ionized calcium makes it possible to estimate the nun- 
ber of free electrons in space. This is far greater 
than the whole number of metallic atoms, and can be 
explained only by the presence of hydrogen, as usual, 
in great superabundance. 

The relative rarity of hydrogen on earth, and its 
practically complete absence from meteorites, is sin- 
ply explained as a gravitational effect. Meteorites 
—and, for that matter, asteroids—have much to 
small a gravitational attraction to keep the fast-mov- 
ing molecules of hydrogen from flying off into space. 
The earth, in its present cool condition, can retain a 
atmosphere, but, if it had ever been really hot on the 
surface, it must have lost all its hydrogen and most of 
the other atmospheric gases. Meteorites and the 
earth have both just the composition which might be 
expected in solid bodies segregated by condensatio 
from an incandescent mass of composition similar t 
the stars. Only those constituents which could cor 
dense into, or be absorbed by a molten magma woul 
remain; the atmophile elements would escape. The 
meteorites have lost these wholly; the oceans and 
most of the air may well have come out of the solidi: 
fying interior of the earth after the surface had 
cooled considerably. 

Jupiter and the other great planets have suflicien! 
gravitational attraction to retain atmospheres, ev¢! 
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‘f they were very hot. Their atmospheres actually 
contain great amounts of hydrogen compounds, and 
their mean densities are low. 

Only a very small portion of the known matter in 
the universe is in the atmospheres of the stars. An 
overwhelmingly large portion is deep in the interior 
of the stars, inaccessible to observation. Even here, 
however, atomic theory can follow it and find the ele- 
ments divided into two groups—hydrogen and helium 
on the one side, and all the heavier ones on the other. 
The amount of heat radiated by a star depends mainly 
upon its mass, rather little upon its size or internal 
distribution of density, but a good deal upon the rela- 
tive proportion in its interior of these two groups of 
elements. Many investigators, from Eddington to 
Strémgren, agree in finding that the observed data 
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for stars as different as the Sun, Sirius and Capella, 
indicate that, if there is no helium, the interior con- 
tains 35 per cent. (by weight) of hydrogen, with the 
rest heavier elements. Counting by number, the hy- 
drogen atoms would be fully ten times more abundant 
than all the rest (depending on the average weight 
of the heavy atoms). : 

If helium is present, the proportions of hydrogen 
and heavy atoms both diminish, but the numerical 
preponderance of hydrogen persists. Hydrogen is 
not only the simplest atom: it is the one whose trans- 
formation into other elements liberates by far the 
most energy and is irreversible. The great and almost 
invariable preponderance of hydrogen may therefore 
be taken as strong evidence that our universe is still 
young. 


OBITUARY 


HUGH McCORMICK SMITH 


Ear.y in the morning of September 28, 1941, Dr. 
Hugh McCormick Smith died suddenly of a heart 
attack after an illness of a few hours. He was seventy- 
five years of age. | 

Dr. Smith was born on November 21, 1865, in Wash- 
ington, D. C., son of Thomas Croggon and Cornelia 
Hazard Smith. He began his natural history studies 
when a small boy, owing largely to his father’s interest 
in birds and other small animals on his farm in Vir- 
ginia. He attended Central High School, D. C., was 
first president of its Natural History Society, graduat- 
ing in 1884. In 1888 he graduated in medicine with 
a perfect record in all oral and written examinations 
from Georgetown University Medical School and was 
a member of its staff from 1888 to 1905. 

On March 12, 1889, Dr. Smith married Emma Han- 
ford. Their daughters are Mrs. Edmund Vincent 
Cowdry of St. Louis and Mrs. Carl Harry Claudy, Jr., 
of Washington. 

Dr. Smith’s interest in science was guided while he 
was in high school by Professor Spencer F. Baird, the 
latter giving him the opportunity to work in the 
National Museum in 1884-85. He entered the service 
of the U. S. Fish Commission under Commissioner 
Baird in 1886, and during the next six years had six 
promotions. From 1893-1897 he was assistant in 
charge, division of statistics and methods of the fish- 
eries of the U. S. Fish Commission and during the 
next five years Smith was assistant in charge, division 
of inquiry respecting food fishes and the fishing 
grounds. 

From 1903 to 1913 Dr. Smith was deputy commis- 
sioner of the Bureau of Fisheries, a position especially 
created by Congress and from 1913 to 1922 he was the 
Commissioner of Fisheries. In 1900 he was named to 


represent the United States at the First International 
Fishery Congress, Paris; and again in 1905, the Third 
International Fishery Congress at Vienna. He was 
secretary-general at the Fourth International Fishery 
Congress, Washington, in 1908. 

Smith held several positions of honor such as see- 
retary, National Fishery Congress, 1898; chairman, 
International Jury on Fish Culture, Louisiana Pur- 
chase Exposition, 1904; expert adviser of the Food 
and Drugs Board and of the Bureau of Chemistry in 
fishery cases arising under the Pure Food and Drugs 
Act of 1906-1913; expert special assistant of the 
United States Counsel at the Arbitration of the North 
Atlantic Fisheries Dispute at The Hague, 1910; 
United States Government representative of the Inter- 
national Commission for Adjudication of Fishery Dis- 
putes with Canada and Newfoundland arising under 
the award of The Hague arbitration tribunal, 1910; 
representative of the United States on the Permanent 
International Council for the Exploration of the Sea, 
1912; member of the research committee and associate 
editor, National Geographic Society, 1909-1919; com- 
missioner on behalf of the United States on Interna- 
tional Fishery Commission for regulation of fisheries 
in boundary waters of the United States and Canada, 
1914. 

Dr. Smith was director of the. Marine Biological 
Laboratory of the U. S. Bureau of Fisheries, Woods 
Hole, Mass., 1901-1902, and director of the Albatross 
expedition for investigation of fisheries and aquatic 
resources of the Philippine Islands, 1907-1910. 

From 1900 to 1934 he studied the aquatic resources 
and the fisheries, as well as inspected methods of fish 
culture, some of the laboratories, biological investiga- 
tions and fishery administrations in 22 foreign coun- 
tries in Europe, South America and Asia. The exten- 
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sive collections made by Dr. Smith in these various 


lands and adjoining seas were given to various 
museums, but mostly to the United States National 


Museum. 


In honor of his contributions to science, four birds, 
two reptiles, one amphibian, nine fishes, three mol- 
lusks, two crustaceans, two insects and three other 
forms have been named after him. From 1898 to 1931 
he was presented with seven medals in recognition of 
his achievements and services 

Dr. Smith’s chief contributions to science occur in 
the fields of ichthyology and fisheries science. In the 
latter field he spent 36 years with the United States 
Fish Commission publishing about one hundred papers 
on fishery science and a somewhat larger number on 
ichthyology have appeared under his pen, describing 
numerous new species, new genera and families of 
fishes. Among a total of about 300 published papers 
by. him there are one or more in nearly all fields of 
natural history. Since 1925 his published researches 
have been largely on fishes and other animals from 
Siam, now Thailand, where from 1923-1935, as ad- 
visor in Fisheries to His Siamese Majesty’s Govern- 
ment, organizer of the Siamese fishery service, and 
first director of the fishery bureau, he had ample op- 
portunity to collect and study the fauna of Thailand. 

His interest in Siamese fishes was so great that upon 
his return to the United States he began the most 
important scientific contribution of his life, “A Mono- 
graph of the Freshwater Fishes of Siam.” For the 
last six years this monumental work with about 300 
illustrations has occupied all his time in the Division 
of Fishes, U. 8. National Museum, where he was asso- 
ciate curator in zoology. 

Although his untimely death has left the Siamese 
manuscript not quite completed it is hoped that it can 
be put in shape for publication by one of his numerous 


ichthyological friends. Leonarp P. 
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RECENT DEATHS . 


‘Dr. Joun PiasKerr, who retired in 1935 
as director of the Dominion Astrophysical Obserys. 
tory at Victoria, B. C., died on October 17 at the agg 
of seventy-six years. 


Dr. JAMES ALLEN NELSON, for some years resear¢), 
entomologist in the Department of Agriculture 4 
Washington, who had retired from active service, died 
on August 9 at the age of sixty-five years. 


ProFressor JAMES TROOP, state entomologist of Indi. 
ana from 1899 to 1907, later head of the department 
of entomology and horticultureat Purdue University, 
died on October 14 at the age of eighty-eight years, 


Dr. Louis FauGeres BisHoP, clinical professor of 
heart and blood vessel disease at Fordham University, 
died on October 6 at the age of seventy-seven years, 


Proressor Harry SLOAN Hower, head of the de- 
partment of physies at Carnegie Institute of Tech- 
nology, died on October 10 at the age of sixty-fouw 
years. He had been a member of the faculty since 
1906. 


Dr. Hans SPEMANN, professor of zoology at the 
University of Freiburg, Germany, died on September 
12. 


Nature reports the death of Professor A. G. Green, 
formerly professor of tinctorial chemistry in the Uni- 
versity of Leeds and director of research to the British 
Dyestuffs Corporation, on September 12, aged sev- 
enty-seven years; of Dr. W. Gardiner, honorary fel- 
low and formerly fellow and bursar of Clare College, 
lately university lecturer in botany in the University 
of Cambridge, on August 31, aged eighty-one years; 
of Dr. A. K. M. Noyons, professor of physiology in 
the University of Utrecht, aged sixty-three years; and 
of Dr. E. Abelaus, formerly professor of physiology 
in the University of Toulouse. 


SCIENTIFIC EVENTS 


RESULTS OF THE ECLIPSE EXPEDITION 
OF 1940 

A REporRT of the results of the National Geographic 
Society-National Bureau of Standards Eclipse Expe- 
dition of 1940 was presented at the meeting of the 
Washington Philosophical Society on October 11. 
The expedition was stationed at Patos, in the state 
of Paraiba do Norte of Brazil, this location being 
north and west of Recife. The eclipse was on October 
1. The program of scientific work planned for this 
expedition was so varied iz: nature that results of con- 
siderable scientific importance were obtained, although 


a thin veil of clouds partially obscured the eclipse 
during the period of totality. Dr. Irvine C. Gardner, 
the leader of the expedition, described the new corona 
cameras, polarigraphs and spectrographs which were 
specially designed and constructed for use at this ex- 
pedition. Dr. Paul A. MeNally, 8.J., of the George- 
town College Observatory, reported on measurements 
of the times of contacts determined from photo- 
graphs of the partial phases. Dr. E. O. Hulburt, of 
the Naval Research Laboratory, gave the results of 
measurements of sky brightness made during twilight 


and during the period of darkening by the eclipse. 
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From these measurements deductions were made re- 
garding the temperature prevailing in the uppermost 
layers of the atmosphere. Dr. C. C. Kiess, of the 
National Bureau of Standards, obtained an excellent 
flash spectrum and presented the results of photo- 
graphic photometric measurements of the relative in- 
tensities of the members of the Balmer series and 
other groups of related lines. T. R. Gilliland, also 
of the National Bureau of Standards, obtained mea- 
surements of the effective heights of the ionosphere 
during the total and partial phases of the eclipse. 
Colored motion pictures, made by Richard H. Stewart, 
of the National Geographie Society, showed the work 
of the expedition at the eclipse site. 


THE ENGINEERS’ DEFENSE BOARD 


TuE establishment of the Engineers’ Defense Board, 
a new working organization of engineers and tech- 
nologists from the several national engineering socie- 
ties to deal with technical problems on shortages, 
substitutions, conservation, raw materials, production 
and reclamation in the nation-wide adjustment under 
the impact of the defense effort, was reported in last 
week’s issue of Scrence. Members of the board in- 
elude: 


American Society of Civil Engineers: Carlton 8. Proc- 
tor, counsulting engineer, executive committee representa- 
tive; Richard E. Dougherty, vice-president, Improvements 
and Developments, New York Central System; Charles F. 
Goodrich, chief engineer, American Bridge Company; 
Robert R. MeMath, chairman of the board, Motors Metal 
Manufacturing Company; J. P. H. Perry, vice-president, 
Turner Construction Company. 

American Institute of Mining and Metallurgical Engi- 
neers: John F, Thompson, executive vice-president, Inter- 
national Nickel Company, executive committee representa‘ 
tive; Zay Jeffries, technical director, Lamp Department, 
General Eleetrie Company; Wilber Judson, vice-president, 
Texas Gulf Sulphur Company; Frederick Laist, metal- 
lurgical manager, Anaconda Copper Mining Company; 
Wilfred Sykes, president, Inland Steel Company. 

American Society of Mechanical. Engineers: R. M. 
Gates, president, Air Preheater Company, executive com- 
mittee representative; H. V. Coes, Industrial Department, 
Ford, Bacon and Davis, Inc.; K. H. Condit, dean of en- 
gineering, Princeton University; J. W. Parker, vice- 
president and chief engineer, Detroit Edison Company; 
W. R. Webster, chairman of board, Bridgeport Brass 
Company. 

American Institute of Electrical Engineers: H. H. 
Barnes, Jr., General Electric Company, executive com- 
mittee representative; C. A. Adams, E. G. Budd Manu- 
facturing Company; ©. B. Jolliffe, Radio Corporation of 
America; R. L. Jones, Bell Telephone Laboratories; 
Phillips Sporn, vice-president in charge of engineering, 
American Gas and Electrie Service Corporation. 

Society of Automotive Engineers: C. L. McCuen, vice- 
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president and chief engineer, General Motors Corpora- 
tion, executive committee representative; Rex B. Beisel, 
chief engineer, Vought-Sikorsky Aircraft Corporation; 
C. E. Frudden, Allis Chalmers Company; Arthur Nutt, 
vice-president, Wright Aeronautical Corporation; James 
C. Zeder, chief engineer, Chrysler Corporation. 

American Institute of Chemical Engineers: F. W. Wil- 
lard, president, Nassau Smelting and Refining Company, 
executive committee representative; Webster Jones, Car- 
negie Institute of Technology; R. L. Murray, vice-presi- 
dent, Hooker Electrochemical Company; A. J. Weith, 
manager of research, Bakelite Corporation; R. E. Wilson, 
president, Pan American Petroleum Transport Company, 


Serving as officers of the Engineers’ Defense Board 
are Robert E. McConnell, OPM consultant, chairman; 
Dr. Harry Rogers, president of the Polytechnic Insti- 
tute of Brooklyn, vice-chairman, and Dr. A. B. Par- 
sons, secretary of the American Institute of ne 
and Metallurgical Engineers, secretary. 


THE “B-COMPLEX” AWARD OF MEAD 
JOHNSON AND COMPANY 

NoMInations are solicited for the 1942 award of 
$1,000 established by Mead Johnson and Company 
to promote researches dealing with the B-complex 
vitamins. The recipient of this award will be chosen 
by a Committee of Judges of the American Institute 
of Nutrition and the formal presentation will be made 
at the annual meeting of the institute at Boston on 
April 1.; 

The award will be given to the laboratory Pi 
ical) or clinical research worker in the United States 
or Canada who, in the opinion of the judges, has pub- 
lished during the previous calendar year, January 1 
to December 31, the most meritorious scientific report 
dealing with the field of the “B-complex” vitamin. 
While the award will be given primarily for publica- 
tion of specific papers, the judges are given consider- 
able latitude in the exercise of their function. If in 
their judgment circumstances and justice so dictate, 
it may be recommended that the prize. be divided be- 
tween two or more persons. It may also be recom- 
mended that the award be made to a worker for valu- 
able contributions over an extended period, but not 
necessarily representative of a given year. Member- 


ship in the American Institute of Nutrition is not a_ 


requisite of eligibility for the award. 

To be considered by the committee, nominations for 
this award for work published in 1941 must be in the 
hands of the secretary of the American Institute of 
Nutrition, Arthur H. Smith, Wayne University Col- 
lege of Medicine, Detroit, Mich., by January 10. The 
nominations should be accompanied by such data rela- 
tive to the nominee and his research as will facilitate 
the task of the committee in its consideration of the 
nomination. 
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THE 1941 RUMFORD AWARD OF THE AMER- 
ICAN ACADEMY OF ARTS AND 
SCIENCES 


_ In 1797, the erstwhile American, Benjamin Thomp- 
son, then Count Rumford of Bavaria, sent to John 
Adams, president of the American Academy of Arts 
and Sciences, the sum of five thousand dollars. Rum- 
ford requested that the income of this fund be used 
to award, every two years, a gold and a silver medal 
to a worker in America who had made, in the opinion 
of the academy, outstanding contributions to the sub- 
ject of heat or light. The first award was made to 
Robert Hare in 1839 for his invention of the com- 
pound or oxyhydrogen blowpipe. 
' The American Academy of Arts and Sciences has 
recently awarded the Rumford medals to Dr. Vladi- 
mir Kosma Zworykin, associate director of the Re- 
search Laboratories of the Radio Corporation of 
America. He is an expert in photocells and their ap- 
plication, has played a major rdéle in the development 
of television, assisted materially in the development 
of the electron microscope and is the writer of many 
scientific papers. His entire record is such that the 
academy feels fully justified in selecting Dr. Zworykin 
as the latest recipient of this honor. 

The citation made by Professor Norton A. Kent, 
chairman of the Rumford Committee of the Amer- 
ican Academy of Arts and Sciences, follows: 


Born in Russia, educated in the Petrograd Institute of 
Technology and the Collége de France, Paris; a natural- 
ized citizen of the United States; a doctor of philosophy 
of the University of Pittsburgh; associated with the 
R.C.A. Manufacturing Company since 1929 and associate 
director of the R.C.A. research laboratories since 1934; 
recipient of the Morris Liebmann Memorial Prize in 1934 
and the Modern Pioneer Award in 1940; inventor of the 
Iconoscope—the instrument which forms the very core 
of the complicated mechanism at the television transmit- 
ting station, and director of a group of men responsible 
for its development; holder of a number of patents re- 
lating to the Kineseope—the receiving device in television ; 
inventor, also, of the electron multiplier and many devices 
in electronics; writer of various scientific papers. 

Dr. Vladimir Kosma Zworykin, to you the American 
Academy of Arts and Sciences will award the Rumford 
Medals to-night [October 8]. 

You and we are parts of a great fraternity, member- 
ship in which transcends the bounds of nationality—the 
Society of Scientific Men. 

Years ago this country welcomed you to its shores. 
Your life with us has borne fruit of immense value to 
the people of your adopted land. 

It is with high regard and great pleasure that the mem- 
bers of the Rumford Committee offer your name to the 
academy as that of the Rumford Medalist of 1941, these 


medals being awarded to you for your ‘‘Invention of the — 


Iconoscope and other Television Devices.’’ 
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DR. JESSUP SUCCEEDS DR. KEPPEL Ag 
PRESIDENT OF THE CARNEGIE 
CORPORATION 

Dr. FrepertcoK P. KEPPEL, since 1922 president of 
the Carnegie Corporation of New York, will retire o, 
November 18. Though Dr. Keppel will not be charge 
with administrative duties after that date, he will ye. 
main as educational adviser to the corporation. 

The Carnegie Corporation of New York, under the 
leadership of Dr. Keppel, has devoted during his nine. 
teen-year administration more than $150,000,000 t) 
the promotion of eduéation in the United States ang 
the British Dominions and Colonies. Funds have 
been provided for specific undertakings and long-time 
projects in the fields of library service, fine arts, sci. 
entific and educational research, general education 
and for colleges and universities. 

In professional fields, large grants have been made 
to the American Law Institute; to Columbia, Chicago, 
North Carolina and Atlanta universities; to library 
schools, and to the American Library Association; 
more than $3,000,000 for the extension and develop. 
ment of library services throughout the United States; 
to Harvard University, $1,000,000, for the develop- 
ment of its School of Dental Medicine; to other agen- 
cies, varying amounts, for the study of education in 
medicine, architecture, forestry, dentistry, fine arts 
teaching and for the effectiveness of teaching modern 
languages and the social sciences. 

The Carnegie Corporation of New York, chartered 
in 1911 by the New York State Legislature, was cre- 
ated by Mr. Carnegie as his largest and final trust 
in this country, “to promote the advancement and 
diffusion of knowledge and understanding among the 
people of the United States.” Its total resources 
are more than $165,000,000, annual expenditures have 
averaged over $5,000,000, and it has granted more 
than $182,000,000 in its thirty years of work. 


Dr. Walter A. Jessup, since 1934 president of the 
Carnegie Foundation for the Advancement of Teach- 
ing, will succeed Dr. Keppel as president of the cor- 
poration on November 18. He has been a trustee of 
the corporation since 1934, a member of its executive 
committee and a trustee of the Carnegie Institution of 
Washington since 1938. 

With election to the presidency of the Carnegie 
Corporation, Dr. Jessup becomes chief executive 
officer of two separate philanthropies, each of which 


‘has its own board of trustees, offices and functions. 


Under his presidency the two bodies continue as dis- 
tinct corporate entities, without modification of the 
role of either. Dr. Jessup’s work in the dual capacity 
recalls the arrangements under which in 1921-23 Dr. 
Henry S. Pritchett was at the head of the corporation 
and of the foundation, and in 1919-21, Elihu Root 
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presided both over the Carnegie Endowment for In- 
ernational Peace and the Carnegie Corporation of 
New York. 

The two endowments of which Dr. Jessup becomes 
president were both founded by Andrew Carnegie 
during his lifetime. The Carnegie Foundation for the 
Advancement of Teaching, organized in 1905, was in- 
corporated by Act of Congress one year later. Its 

chief purpose is providing retiring allowances and 
widows’ pensions in universities, colleges and tech- 
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nical schools in the United States, Canada and New- 
foundland. It has also conducted and published 
studies of medical education, the relations of higher 
and secondary education in Pennsylvania, college 
athletics, legal and dental education and teachers’ pen- 
sions and other educational matters. Its resources 
are about $21,000,000, its annual expenditure for 
free pensions about $1,900,000, while grants for pen- 
sions since 1905 have amounted to more than $40,- 
600,000. 


SCIENTIFIC NOTES AND NEWS 


Tue gold Sedgwick Memorial Medal “for distin- 
guished service in public health,” of the American 
Public Health Association, was presented at the At- 
lantie City meeting to Dr. Charles Armstrong, senior 


F surgeon of the U. S. Public Health Service and inves- 


tigator at the National Institute of Health, in reeog- 
nition of “research on the transmission of sleeping 
sickness, parrot fever and infantile paralysis.” Other 
recipients of the medal have been the late Professor 
Hans Zinsser, of Harvard University, for his work on 
typhus; the late Dr. Theobald Smith, distinguished 
for his work on the comparative pathology of infec- 


‘tious and parasitic disease, and Dr. Haven Emerson, 


professor of public health administration at the Col- 
lege of Physicians and Surgeons, Columbia Univer- 
sity. The medal was established’ as a memorial to the 


late Professor William Thompson Sedgwick, of the 


Massachusetts Institute of Technology. 


Joun C. Garanp, of the Springfield Armory, in- 
ventor of the semi-automatic rifle being used by the 
Army and by the Marine Corps, has been awarded 
the Holley Medal of the American Society of Mechan- 
ical Engineers for his “contributions to our national 
defense.” The medal will be presented to Mr. Garand 
on December 3 at the annual dinner of the society in 
New York. 


Tue Honorable Fulgencio Batista, President of 
Cuba, issued a decree on July 12 awarding honorary 
membership in the Finlay Institute to Dr. Morton C. 
Kahn, associate professor of public health and pre- 
Ventive medicine, and to Dr. Edgar Mayer, assistant 
professor of clinical medicine at the Cornell Univer- 
sity Medical College, New York, in recognition of 
their efforts on behalf of the Cuban Republic. 


Tue Gold Medal of the British Medical Association 
has been awarded to Sir Kaye Le Fleming, in recog- 
ution of his distinguished work for the association 
and the profession. 


L. F. Marnearp, of the University of the Wit- 


watersrand, has been elected president of the South 
African Museums Association. 


Dr. LLEWELLYN R. Perxrys, head of the depart- 
ment of mathematics at Middlebury College, resigned 
on October 14 because of ill health. 


Dr. Svein ROSsELAND, astrophysicist, formerly of 
the University of Oslo, has been appointed professor 
of astronomy at Princeton University, succeeding the 
late Dr. Raymond 8. Dugan. 


V. E. Kivuiy, director of the farm short course at 
the University of Wisconsin, has been appointed as- 
sistant dean of the College of Agriculture. He will 
succeed Dr. Ira L. Baldwin, who resigned to become 
chairman of the department of agricultural bacteri- 
ology. 

A RocKEFELLER FounpATION grant of $25,000 has 
been made to McGill University for research in endo- 
crinology for five years under the direction of Dr. J. 
S. L. Browne, assistant professor of medicine and lec- 
turer in pathological chemistry. 


JoHN R. Matcuertt, chemist of the Bureau of Nar- 
coties of the U. S. Treasury Department, who has 
been engaged in marahuana research, has joined the 
U. S. Department of Agriculture and has been as- 
signed to the research laboratory at Albany, Cali- 
fornia. 


Dr. Eart N. BressMAN, who has been assistant 
director of Federal Agricultural Research, has been 
placed at the head of the Division of Agriculture 
established by Nelson Rockefeller; coordinator of 
Inter-American Affairs. 


Dr. CHarLes F. Krewson, since 1927 a member 
of the faeulty at the University of Kentucky, has re- 
signed to accept a position with the U. 8. Government 
as research chemist in the eastern regional research 
laboratory of the U. 8. Department of Agriculture. 
Dr. James L. Gabbard and Dr. R. H. Baker have re- 
signed from the University of Kentucky to join re- 
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spectively the faculty of the Michigan State Normal 
School and of Northwestern University. 


Rosert W. Carrns, assistant to the director of re- 
search of Hereules Powder Company, has been ap- 
pointed director of the Hercules Experiment Station 
at Wilmington, Del. 


Dr. Harry W. Reppick, head of the department of 
mathematics at Cooper Union, has been granted leave 
of absence to enable him to become director of the 
Defense Training Institute, Brooklyn, N. Y., to suc- 
ceed Professor Sampson K. Barrett, of the College of 
Engineering of New York University. The institute 
is conducted jointly by the eight engineering colleges 
of New York City. It is supported by the U. 8S. Office 
of Education and is designed to give free training to 
alleviate the shortage of sub-professional engineers in 
defense industries. 


Dr. Hamiuron H. ANDERSON reached China about 
September 15 to resume his work as professor of 
pharmacology at the Peiping Union Medical College. 
He spent the summer in research on parasitic diseases 
found in China in the laboratories of the Division of 
Pharmacology of the University of California. 


Myron WEIss, New York consulting editor, has be- 
come science warden of Physical Culture and editorial 
adviser to the General Alloys Company of Boston. 


Dr. Henry WIGDERSON, instructor in surgery at 
New York University, has been appointed to the newly 
established position of head neuro-surgeon in the 
Rothschild-Hadassah-University Hospital on Mount 
Scopus, near Jerusalem. 


Dr. C.-E. A. Winstow, professor of public health 
at the Medical School of Yale University, who was 


during the fall semester Rosenberg lecturer in the 


Publie Social Services at the University of California, 
gave two lectures before the faculty and senior stu- 
dents at the Medical School, one on “Modern Public 
Health Programs” and the other on “Medical Care in 
Modern Society.” 

Proressor T. R. Hoaness, University of Chicago, 
addressed a meeting of the New York Branch of the 
American Chemical Society on the evening of October 
10 on “The Hydrogen Transport System of the 
Respiratory Enzymes.” 

Kart P. Scout, chief curator of zoology at the 


Field Museum of Natural History, Chicago, addressed | 


the University of Cincinnati Section of Sigma Xi on 
October 9. His lecture was entitled “A Naturalist’s 
Glimpse of Peru.” , 

Unover the auspices of the Faculty of Medicine of 


Harvard University three lectures on the Edward K, 
Dunham Lecture Foundation for the Promotion of the 
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Medical Sciences will be given at five o’clock on Octo. 
ber 28, 29 and 30 on “Problems in Intermediary 
Metabolism.” The titles of the individual lectures are 
“The Chemical Reactions of the Body Fats,” “Mb 
Chemical Reactions of the Body Proteins,” “The 
namic State of the Body Constituents.” The lecture 
were prepared by the late Dr. Rudolf Schoenheime 
formerly associate professor of biological chemistry 
at Columbia University, and will be delivered hy Py, 
fessor Hans T. Clarke, professor of biochemistry anj 
head of the department at the College of Physicians 
and Surgeons, Columbia University. 


In the article by George Y. McClure in Scrency of 
September 26, 1941, on page 308, sixth i, second 
column, delete “and human.” 


Ar its annual meeting each year the American As. 
sociation for the Advancement of Science awards , 
limited number of grants-in-aid of research. Forn; 
for use in filing applications for grants ean be ob. 
tained from the office of Dr. F. R. Moulton, the Per. 
manent Secretary, Smithsonian Institution Building 
Washington, D. C. In order that applications may »« 
considered at the meeting in Dallas next December 
29-January 2, they should be received before De. 
cember 1. 


THE nineteenth annual meeting of the American 
Orthopsychiatrie Association, an organization for the 
study and treatment of behavior and its disorders, will 
be held at the Hotel Statler, Detroit, on February 1), 
20 and 21. Copies of the preliminary program wil 
be sent upon request. 


THE fifty-second annual meeting of the Association 
of American Medical Colleges will be held in Rich- 


mond, October 27 to 29, with the Medical College of 
Virginia as host. 


AccorpinG to the Associated Press, a Reuter dis 
patch from Stockholm dated October 17 reports thal 


the Swedish Government has decided that Nobel Prizes | 


should not be awarded this year. 


Chemical and Metallurgical Engineering, New York, 
has given to the Dow Chemical Company the 194! 
award “for chemical engineering achievement based 
on its research in the recovery of metallic magnesiu! 
from sea water, which, in the opinion of the commit 
tee of award, has contributed the most meritorious 
advance to the industry and profession since Decet- 
ber, 1939.” Presentation of the award will be made 
at a dinner in New York on December 2 at the eight: 
eenth National Exposition of the Chemical Industries 
at the Grand Central Palace, 


For the academic year 1941-1942 the Abbott Lab- 
oratories have established fellowships in several w' 
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yersities with important departments of organic chem- 
istry and biochemistry. The fellowships, carrying 
stipends of $650, have been made available to graduate 
students in the last year and next to last years of 
graduate work leading to the doctor’s degree. The 
recipients have been selected by the universities in 
which their work is being done, and they are not lim- 
ited by the fellowships as to the subjects of their 
investigation. Grants have been made to the follow- 
ing universities : Illinois, Michigan, Ohio State, Penn- 
sylvania State and Purdue, in organic chemistry ; 
Columbia and Cornell, in biochemistry. 


Tue Byrd Antaretie Expedition has moved its sci- 
entific headquarters from Boston to Miami University. 


The lower wing of the university hospital has been 


assigned for the use of the expedition, where the com- 
piling of the scientific reports of the expedition, which 
returned last summer, will be coordinated. 


Works Progress ADMINISTRATION workers are con- 
structing a research laboratory for aerodynamic 
courses at Purdue University Airport (Indiana), 
where graduate engineers can study aeronautical engi- 
neering for both military and civil life. Last semester 
at Purdue University, fifty engineers received this 
type of training, using existing facilities. The new 
laboratory is an addition to the university’s airport 


| building. During the past year, nearly three hundred 


students were given primary flight training and 


} twenty others advanced flying courses at the airport. 
Tue New York Zoological Park will conduct for | 


permanent exhibition purposes a farm of four acres 
completely equipped with live stock and machinery, 
the cost of which will be $380,000. The site is on an 
undeveloped area of the Zoological Park lying east of 
Boston Road. Two large buildings are under erection 
as the center of the farm. The animal house is an 
“L” shaped building with stalls and pens for cattle, 
horses, sheep and goats. The other building is of “U” 
shape design. It will have a greenhouse in one wing 
and a poultry house in the other. A garage, office 
and storage space will line the two wings; an octag- 
onal tower, in which it is planned to display agricul- 
tural exhibits, will join the poultry house wing. The 
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buildings are being constructed in stone, and will 
resemble the farmhouses of Normandy in France. 


Tue fiftieth anniversary of the founding of Drexel 
Institute of Technology will be observed during the 
college year 1941-42, with Founder’s Day ceremonies 
in December and special observances throughout the 
year. The anniversary commemorates the founding 
of the institute in 1891 by Anthony J. Drexel, banker- 
philanthropist, assisted by George W. Childs, pub- 
lisher of the Philadelphia Ledger. It has grown from 
a technical school of 1,600 day and evening students 
to its present enrolment of over 5,000 for professional 


training. 

AccorpiInG to Nature, Imperial Chemical Industries 
proposes to publish a new quarterly journal of science, 
and it is hoped that the first number will appear dur- 
ing the autumn of this year. The journal will be 


‘translated into at least three foreign languages and 


will cireulate in all parts of the civilized world. 
Though published by Imperial Chemical Industries, 
it will in no sense be an advertising medium, but, by 
laying principal emphasis upon British contributions 
to science, will form part of the national war effort. 
Distinguished men of science have already expressed 
their willingness to contribute, and the chief article 
of the inaugural number will be by the Astronomer 
Royal, Dr. H. Spencer Jones. 


THe Academy of Sciences of the U.S.S.R. will 
issue a new work entitled “Soviet Folk-lore,” into 
the compilation of which has gone much effort on 
the part of many expeditions to different parts of 
the Soviet Union. An expedition sent out to the 
Stalingrad Province by the University of Leningrad 
has collected much interesting material relating to 
the folk-lore of the Don Cossacks. In the villages and 
farmsteads of that province the expedition recorded 
110 folk-tales, 550 Cossack songs, as well as numerous 
proverbs and legends. Among the songs are some 
about Stepan Razin, Yermak, Peter the Great and the 
War of 1812. This expedition has also collected inter- 
esting material relating to the new Soviet folk-lore of 
the Don Cossacks. Records were made of songs and 
tales on the subjects of Stalin, Voroshilov, Budenny, 
the Civil War and the collective farm. 


DISCUSSION 


COLLEGES AND THE CHANGING HIGH 
SCHOOLS 
A RECENT survey of the teaching of physics in 
Pennsylvania high schoolst has yielded some results 
and shown some trends which may be of interest to a 
wider group than college physics teachers alone. 


1M. H. Trytten and J. M. Leach, Am. Jour. Phys. 


The study was undertaken as a result of a series 
of discussions and papers at various meetings of col- 
lege physies teachers in Pennsylvania. Such diseus- 
sions, in common with similar ones in other states, 
aired a conviction that the teaching of physies in high 
schools appeared to leave no great influence on those 
entering college. It was stated that one can scarcely 
detect whether a student in college physics has had a 
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course in high-school physics or not. Usually the 
blame was laid to insufficient training in physics on 
the part of the teacher. It was felt that if the teach- 
ers of physics could be adequately trained then the 
high-school course must yield better and more perma- 
nent results. It was to determine the facts not only 
as to the training of teachers but also other pertinent 
and significant information about them and their 
courses that this study was undertaken. 

No attempt to describe the method of the ae: nor 
to cover in full the results will here be made. A com- 
plete report is available to those who eare for it. Only 
those results will be given which are of interest in 
connection with the two main points of this paper— 
why the teacher seems ineffective and what seems indi- 
cated by the study concerning the future of the teach- 
ing of science in the schools. 

The results of the survey showed that the teachers 


of physies are inadequately trained. Actually 2 per 


cent. of the teachers surveyed had had no courses in 
physics at all; 4 per cent. had had only from one to 
five hours; 38 per cent. had approximately the equiva- 


lent of a college course or less (from six to eleven | 


hours) ; or adding the three groups, 44 per cent. had 
had eleven hours of college physies or less. Only 12 
per cent. had had as much as a physics major of 
twenty-four hours. Only 16 per cent. had had any 
graduate work in physics. And yet almost one third 
of the teachers had master’s degrees—indicating that 
when pursuing further study almost invariably is the 
work done in other fields. 

The experience of the teachers is surprisingly email 
Over half have no more than five years’ experience, 
and actually 14 per cent. have only one year’s experi- 
ence, indicating a high turn-over in this field. Thirty 
per cent. have over ten years’ experience. Among 
these, however, are a great number who have much 
administrative work or who coach. Actually 41 per 
cent. of all physics teachers either serve as coaches or 
as administrators. 

A third very significant matter is the size and na- 
ture of the teaching load, including outside activity. 
Only 6 per cent. of physics teachers teach physics 
exclusively. Of these some are engaged in administra- 
tion or coaching so that 4 per cent. only may be 
thought of as full-time physics teachers. The rest 
teach combinations of physics with chemistry, with 
general science, ete. Some teachers teach seven differ- 


ent subjects. Only 30 per cent. teach as little as two. 


other subjects. Mest teachers have heavy outside 
activities such as acting as advisers for various types 
of clubs or student endeavors. 

The picture one gets here of the typical teacher 
shows him teaching almost a full schedule of assorted 
sciences, and yet sponsoring an after-hours activity. 
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It would be difficult to present one dynamic laboratory 
program under these conditions. The average teach 
has three sciences and hence three laboratories to Keep | 
up. 

A movement is apparently gathering momentun 4, 
attempt to improve the quality of physics teaching by 
increasing the preparation of the teacher. It woujj 
seem that in Pennsylvania the sciences should COoper. 
ate to lay out an adequate program of teacher tryip. 
ing, recognizing that most teachers will teach a cop, 
bination of sciences. And likewise it would seem tha 
the emphasis in teacher training should shift from thy 
purely professional courses over toward more work iy 
the field to be taught, and this particularly in the pos. 
graduate field. Added courses taken for purposes of 
certification should not all be in the field of educatioy, 

But perhaps more interesting results, at least as fy 
as trends are concerned, come out of the study of the 
high-school physics course itself. 

Enrolment is on the decrease. The U. S. Office of 
Edueation? states that in 1910 physies was studied hy 
14.6 per cent. of the high-school enrolment, while in 
1928 this had dropped to 6.9 per cent. From 1922 ty 
1938 high-school enrolment increased 35 per cent, 
while physies enrolment increased but 6 per cent.’ By 
1934 physies enrolment was down to 6.3 per cent. In 
Pennsylvania in 1938-1939 only 5 per cent. of the total 
enrolment studied physies.* 

The enrolment, when considered in connection with 
the size of the high schools, showed some interesting 
things. Large schools where a wide diversity of 
courses is offered have the lowest enrolment in physics 
The small school apparently stays conservative unt 
the pressure forces a complete change, involving the 
dropping of traditional courses entirely. Thus physics 
has been dropped in 4 per cent. of high schools. Als 
the physics course is becoming in all schools muci 
more qualitative and the aim is to cater to non-college 
preparatory groups. The laboratory is retreating. 

To scientists in general the plight of high-schodl 
physics may.seem a special case. But it is much more 
probably a barometer. It is admittedly a more vil- 
nerable subject, since it demands mathematics as 4 
prerequisite (or used to, since now only 60 per cett 
of physies courses in high school demand mathematics 
as a background). Yet the problem which faces 
physies faces all sciences and all other academic sub- 
jects. The high schools are fast finding it necessary 
to eater to the vast majority rather than the smill 
college-bound group. After all, only 10 per cent. mor 
or less of high-school students go to college. There ® 
a very rapidly accelerating movement in the directio 

2F, M. Phillips, U. 8. Office of Education Bulletit, 
number 35, 1929. 


3 Jesser and Herliky. 
4 Morneweck. 


pa 
al 
} 
bil 
pe 
\ 
n 

ak 
le 
bol] 

ut 

ig 
lor 
at 

ne 

i 
& 

DAS 

I 

iti 

B 

¥ 

pnt 

phi 

4 

brs 


24, 1941 


such a change in aim, It will undoubtedly produce 
new type of school, aimed at the average person, a 
nt of folk high school and far from the old college- 
yminated school of the last generation. 

As an example of the trend Dr. S. R. Powers,° of 
lumbia University, describes the results of a five- 
sar survey of science teaching in high schools and 


pe. plans for a three-year experimental plan to 
rain. » carried out in several large cities. Dr. Powers’ 
COM. ates that the conventional treatment of sciences and 
that ther subjects will go by the board. Instead “scram- 


Jed” courses will be given. “It is not necessary to 
utter the mind with equations,” says Dr. Powers. 
Mectudents will pick up what they need to know later 
mn life.’ Of course “vexing questions may arise when 
| llege entrance credits must be met, but that is a 
ninor question.” This study will be financed, and has 
een, by a $160,000 grant from the General Education 
Board. 
e of Whatever orthodox college faculty men may think 
1 by Himpf such a business as this, the fact is they must recog- 
@ in ize that the high school is in a state of flux. The 
2 to Mipressure on it to change its aims and methods, more 
ent, mmearly to serve the average graduate, will increase. 
By nd the college preparatory student will be forced to 
In Heke pot luck with the crowd. Diluted courses, “seram- 
otal pled” courses, survey courses, are the new dish to be 
prved up. 
| It is into this apparently insoluble problem that the 
llege man needs to peer in the hope of finding a way 
ut. The more the high school aims at the average 
prminal student the less ean it prepare efficiently a 
Well-trained recruit for the college. The very largest 
igh schools might segregate the two groups and at- 
empt to serve each separately, but it is not now being 
lone in most cases nor does it seem likely. At any 
uch fimpate the smaller schools which handle the greater per- 
ege entage of the students could not serve two ends. If 
he college-bound student represents the future leader- 
ool MBtip in all branches, as seems obvious, then it is surely 
ore fmw00 bad to condemn him to four years at half speed, 
ul MBs seems inevitable in the future. 
38 Perhaps separate technical high schools, not only in 
ut fetes, but in rural areas also, are the answer. That 
ics HS a matter to be worked out. It seems very definite 
Haat the colleges must expect less well-trained material 
Potering the freshman classes as the emphasis in high 
hol shifts from the traditional goal, unless some- 
Hing is done to meet the needs of the better but 
taller and more important group of potential lead- 
F's who go on to college, 


M. H. Trytren 
UNIVERSITY OF PITTSBURGH BRANCH, 
JOHNSTOWN, Pa. 


‘New York Times, January 19, 1941, p. 6D. 
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P-AMINOBENZOIC ACID, AN ESSENTIAL 
METABOLITE FOR AUTOTROPHIC 
ORGANISMS 


Ir was earlier shown that p-aminobenzoie acid nulli- 
fies the inhibitory effect of sulfanilamide and its de- 
rivatives on the growth of bacteria as well in vitro 
(Woods, Fildest and others) as in vivo (Selbie? and 
others). As an explanation of this fact it was sug- 
gested that p-aminobenzoic acid is a necessary factor 
in the metabolism of these organisms: an_ essential 
metabolite according to Fildes.* 

A similar effect of p-aminobenzoic acid was also 
shown in experiments in vivo with the virus of Lym- 
phogranuloma venereum by Findlay.‘ 

Recently Ansbacher® and Martin® gave experimen- 
tal evidences indicating the importance of p-amino- 
benzoic acid as a chromotrichial factor in rats and 
mice and further as a growth promoting factor in 
chicks, which made Ansbacher consider the p-amino- 
benzoic acid to be a vitamin, belonging to the B 
complex. 

The significance of p-aminobenzoic acid, however, 
does not seem to be limited to the animals and bacteria 
just mentioned. Experiments conducted in the Bae- 
teriological Laboratory of the Swedish State (Stock- 
holm) indicate that p-aminobenzoie acid is of the 
same importance to autotrophic plants as to the 
heterotrophically living bacteria. In experiments with 
two strains of the small fresh-water diatom Nitzschia 
palea var. debilis, which were grown on an agar made 
up with tap-water and mineral salts (cfr. Wiedling’), 
an inhibition of the effect of sulfonamide and its 
derivatives (sulfapyridine and sulfathiazol) was pro- 
duced by p-aminobenzoie acid. 

Evidently there are reasons to interpret these ex- 
periences as indicating that p-aminobenzoie acid is of 
a universal significance in the metabolism of plants, 
both autotrophic and heterotrophic, and perhaps also 
in the metabolism of animals and viruses. 

Detailed data will appear later. — 


Sten WIEDLING 
THE PHYSIOLOGICAL LABORATORY, 
AstTRA, SODERTALJE, SWEDEN 


CULEX QUINQUEFASCIATUS, A NEW VEC- 
TOR OF PLASMODIUM GALLINACEUM 


Plasmodium gallinaceum Brumpt, 1935, the cause 


1D. D. Woods and P. Fildes, Chem. Ind., 59; 133, 1940. 

2 F. R. Selbie, Brit. Jour. Exp. Path., 21: 90, 1940. 

3 P. Fildes, Lancet, 238: 955, 1940. 

4G. M. Findlay, Brit. Jour. Exp. Path., 21: 356, 1940. 

5§. Ansbacher, ScIENCE, 93: 164, 1941. 

6G, J. Martin and S. Ansbacher, Jour. Biol. Chem., 
138: 441, 1941. 

78. Wiedling, Bot. Not., 37, 1941. 
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of malaria of fowls, is transmitted by Aedes aegypti 
and A. albopictus (Brumpt, 1936),1 as well as by 
Aedes geniculatus (Roubaud, Colas-Beleour and Ma- 
this, 1939).2 Culex fatigans, C. pipiens and Culez sp. 
(Richelieu, Indre-et-Loire, France) tested by Brumpt 
(1936) proved to be refractory to infection by this 
plasmodium. We do not know of any other mosquito 
reported to date as a vector of this species of Plas- 
modium. 

Recently, in a lot of Aedes aegypti which had been 
released to feed on chickens infected with Plasmodium 
gallinaceum, there was accidentally introduced a speci- 
men of Culex quinquefasciatus from Iguala, Gro. that 
emerged in another lot of this species raised in the 
laboratory. On dissecting this insect, abundant sporo- 
zoites were found in its salivary glands. The mos- 
quitoes had fed for the first time 29 days before on 
chickens infected with Plasmodium. They had been 
kept at ordinary laboratory temperatures apree 
ing 20-25 degrees Centigrade. 

In view of the abundance of this species of mosquito 

‘in the country, and in view of the negative results 
obtained previously in attempts to infect species of 
the genus Culex, it seems important to submit a pre- 
liminary report of our findings in this ease of infec- 
tion, which to date is the only one recorded. 

Experiments are at present under way in this Insti- 
tute to determine the susceptibility of this species of 
Culex to infection by Plasmodium gallinaceum, as well 
as to determine the possibility of finding other vectors 
among mosquitoes of the region. 


Luis VARGAS 
ENRIQUE BELTRAN 
INSTITUTO DE SALUBRIDAD Y 
ENFERMEDADES TROPICALES, 
Mexico, D. F. 


POLISHED AREAS ON GRANITIC PORPHY- 
RIES OF THE HUECO AND CORNUDAS 
MOUNTAINS OF TEXAS AND 
NEW MEXICO! 


RECENTLY while engaged in making geologie obser- 
vations in the Hueco and Cornudas Mountains of 
western Texas and New Mexico I became aware of 
the repeated occurrence of large highly polished 
patches of rock which had escaped my notice before 
this. The Huecos and Cornudas, like other granitic 
intrusive masses, upon weathering have developed 
large open fractures, niches and even sizable caves, 
many of which have openings at the level of the 


1E. Brumpt, Compt. Rend. Acad. Sci., 203: 750; idem, 
Ann, Paras. Hum. et Comp., 14: 597, 1936. 

2E. Roubaud, J. Colas-Beleour and M. Mathis, Bull. 
Soc. Path. Exot., 32: 28, 1939. 

1 Published by permission of the Director, U. 8. Geo- 
logical Survey. 
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ground. There was observed at the entrance to om 
of. these small crevice caves a highly polished a 
surface on the hanging-wall side. The footwall, ho.ilim 
ever, showed the same rough weathered appearany iim 
the inner and outer surface about the polished ang 
Subsequently it was found that at practically q)] a | 
slanting cavernous openings, the polished surface, ifm 
present, appeared on the hanging-wall side. | do nla 
recall having seen polished surfaces upon rocks yijgim 
were high above the ground surface or upon the toni 
of rocks. | 
Later I was surprised to see the same type of pill 
ished surface on the sides of large outlying bouliey fil 
some fifteen to twenty feet in diameter, which jj 
broken loose from the high cliffs and had tumbled oy 
onto the surrounding apron of detrital wash. \y 
recollection is that most of these polished areas ay 
on the south side of the boulders and near their edgg | 
or corners. It was noted that all the patches are sin im 
lar in size and position. They begin at a point abujim 
two feet off ground, often extending to a height (i 
seven to nine feet and seldom cover a space more thal 
five to ten feet wide, whether at the entrance to opa. 
ings or on isolated boulders. 
Are these polished patches remnants of once extaJim 
sive surfaces of smooth rock, or are they the result 
local action on limited areas such as the effects pm 
duced by desert sand-blasting, faulting or other pre 
esses? One may elaborate to no end on all the po 
sible ways to explain such a phenomenon, but a cna 
cept that appeals to the writer and which may be d 
interest to the anthropologist and archeologist as wii 
as the geologist is that these polished areas may be tle 
“itching” or rubbing posts of prehistoric animals (am 
the Basket Maker I or earlier time. My cursory di 
seem to accord with such a theory. Their heigiifil 
width and position agree well with the size and habit 
of animals that congregate about such places for rai 
and shelter. The hanging-wall at the entrance to! 
shelter, inclined as so many of them are at an angled 
about 70°, would serve as a convenient rubbing pi 
to animals of all sizes—ground sloth, elephant, beat 
antelope, ete. The footwall could hardly be made 
serve such a purpose and would remain unpolished 
Continual rubbing of the rocks would not only develip 
a polished surface but would impregnate the fine inte 
stices of the rock with fatty oils from the skin whit 
would wax and thus preserve these surfaces. 1! 
smooth and highly polished surfaces found on posi 
pipes and other hard and resistant objects, produtli 
by cattle in satisfying their urge to seratch, is a ©” 
mon sight about water holes on the Western rang¢ 
Another point of interest is the fact that the pil 
ished area begins about two feet above the pres! 
position of the surface of the ground. This may u 
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me measure of the amount of denudation which has 
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shed rojillmmcurred, as marks of higher-ground levels may be seen 
vall, hop many places. These suggestions are offered in the 
arance of limited observations; satisfactory answers to 
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MR. KEPPEL’S ACHIEVEMENT 

Tere are men to whom the finality of the word 
etirement” does not apply, even when they relin- 
ich a post which they have long held. They con- 
nue to be active in the world and to wield an influ- 
ce, regardless of the particular title which may be 
en to their new work. Such a man is Mr. Frederick 
Keppel, who on November 18 next will relinquish 
; administrative duties at the Carnegie Corporation 
New York, of which he has been president for 
neteen years. He is to remain as educational ad- 
ser to the corporation. 

The spending of millions of dollars—wisely—is far 
pm an easy task, even when, as in the case of the 
megie Corporation, the purposes for which the 
bney may be used are clearly defined and restricted. 
spite these limitations, the number of educational 
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is the number of individuals in the field of educa- 
bn worthy of help. The task is, therefore, to weigh 
fliecting claims and decide where the money can be 
nt with the best hope of fruitful returns to so- 
ty. For such a large task a man of wide interests 
| background, as well as of sound judgment, is 
ded. Mr. Keppel possesses, in addition, the 


y be t acity of saying “no” as ‘if he were conferring a 

mals 

7 shrewdness and hard-headedness, coupled with a 
eig 


tle manner and engaging modesty, are other valu- 
e personal weapons of Mr. Keppel. A keen ob- 
er and a good listener, he has familiarized himself 
h the problems of the institutions which he has 
fn called upon to help, and he has done this with a 
himum of hard feeling. This, in itself, is an 
hievement and bears testimony to the wisdom of 
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d other institutions clamoring for aid is enormous, . 
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the questions must await more complete inspection of 
all the evidence. roW 
Water B. Lane 
U. S. GEOLOGICAL SURVEY 3 


QUOTATIONS 


those who persuaded this man, who had been eight 
years dean of Columbia, and who had been Assistant 
Seeretary of War and done important work for the 
Red Cross in Europe, to enter an even wider field of 
usefulness. Being still well under the Biblical three- 
score years and ten, the presumption and hope are 
that Mr. Keppel will continue in public or semi- 
public work for many happy and useful years.—TZhe 
New York Herald-Tribune. 

In November Dr. Frederick Paul Keppel will give 
up the presidency of the Carnegie Corporation, which 
he has occupied with such distinction for nineteen 
years. For aid from the income of that foundation 
innumerable applications have been made. To choose 
from even the most meritorious is a labor of copious 
knowledge and delicate judgment. Dr. Keppel has 
distributed that income wisely and productively. He 
has had the advice of experts. His annual reports 
have become elassies. 

His modesty and his gift of sympathetic coopera- 
tion had been shown in other fields. Colleges and uni- 
versities, the fine arts and the sciences, research and 
scholarship here and abroad have been encouraged 
and advanced. Conerete and definite rather than 
general objects have been sought. Dr. Keppel has 
been a persuasive advoeate of adult education. He 


* has talked sense and he has written it. Those Colum- 


bians who had the good fortune to be undergraduates 
when he was dean of the College of Arts remember 
and prize him as the friend, the gay associate, the 
student and the former of character. He has handled 
many a hard job ably, and when he leaves his present 
post, there will still be plenty of work for him to do. 
—The New York Times. 


develop SCIENTIFIC BOOKS 


ELEMENTARY BIOLOGICAL TEXTS 
E EDITIONS: 


inciples of Animal Biology. By A. FRANKLIN 
PHULL. Fifth edition. 417 pp. New York: Me- 
taw-Hill Book Company. 1941. $3.50. 


imal Biology. By F. Guyer. Third edi- 
ion. 723 pp. New York: Harper and Brothers. 
B94]. $3.75, 


neral Biology. By Jamms Warts Mavor. Second 


edition. 897 pp. New York: Macmillan Company. 
1941. $4.00. 


Foundations of Biology. By Loranpne Loss Woop- 
RUFF. Sixth edition. 773 pp. New York: Maemil- 
lan Company. 1941. $3.75. 


FIRST EDITIONS: 

Human Biology. By Grorae ALFRED BAITSELL. 621 
pp. New York: MeGraw-Hill Book Company. 
1940. $3.75. 
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Biology and Human Affairs. By W. 


1026 pp. Yonkers, N. Y.: World Book Company. 


1941. $2.32. 


This Living World. By C. C. CuarK and R. H. Haun. 
' 519 pp. New York: McGraw-Hill Book Company. 
1940. $3.25. 


Because of the fundamental importance of the 
elementary course in every biological department, the 
available text-books are of moment to all teachers. 
An inspection of a series of American texts, recently 
issued, should therefore be comforting, for their qual- 
ity is generally evident partly from the fact that many 
of them have reappeared in repeated editions. Such 
books have become well known and have been pre- 
viously reviewed. It will be necessary to note there- 
fore only recent changes that have appeared in them. 

In Shull greater emphasis is given to function, and 
development has been reconsidered in the light of 
more recent knowledge. Animal relationships have 
been given more attention. 

Guyer presents a new chapter on ecology and in- 
creases the consideration given to the experimental 
aspects of biological study. Much general revision 
of the text is found. 

Mavor shows many alterations, some extending to 
quite extensive changes in methods of treatment. In- 
creased emphasis is shown to physiology, neurology 
and ecology, and less attention is paid to distribution 
and to the historical aspects of the subject. Many 
rearrangements of material, especially that relating to 
plants, are evident. There have been added at the ends 
of chapters lists of readings and an appendix outlin- 
ing the classification of plants and animals. 

Considerable revision, change and rearrangement of 
material characterize the sixth edition of Woodruff. 
There are new chapters on endocrinology and on 
human descent, and there are many new illustrations. 

It is interesting to note the degree to which these 
texts approximate a common method of treatment. 
There are variations in emphasis and in the subdivi- 
sions of topics, and Woodruff and Mavor give consid- 
eration to plant material separately, but the general 
topics treated do not vary greatly. The aims and 
methods of these authors are not significantly differ- 
ent. Each is obviously fully aware of the fact that 
something is not to be gained for nothing—that not 
mere information, but a way of thinking and doing 
is the important outcome of a course in elementary 
biology. Consequently, any one of these texts will 
serve a worthy end in a college curriculum, although 
local conditions or needs may, for the moment, make 
one preferable to the others. 

Baitsell’s book is not quite what the title indicates-— 
a study of the biology of a single type, but rather, in 
the words of the author, “a humanizing of general 
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‘sometimes of fact, sometimes of philosophy. (nt 
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biology.” The basic principles of the subject are p 
sented in the conventional manner, but illustration,, 
drawn from human anatomy and physiology, anj 
phasis is placed on the human significance of {,, 
and principles. Aside from the pedagogic value yhy 
attaches to the use of personally relevant maty; 
there is an advantage, the author believes, in provi 
a new type of treatment for students who have aly 
had biology presented in the usual manner. This jy | 
will have a particular appeal to those interes{gj; 
biology in relation to medicine and to those wh 
contact with the subject is restricted to a single coy 
To assist in extending the interest of students {i 
is an appendix of 92 pages wherein is found a gj 
sary, historical notes and more extended treatment ;_ii™ 
subjects than space permits in the main text. 1h 
is, for example, a thirteen-page consideration of } 
subject of enzymes. Often direct quotations from iy 
portant papers are given. 

The book by Ritchie is definitely designed for y 
in high schools, although it seems somewhat matym 
for the purpose. It is intended to develop in im 
minds of students a conception of the significance, 
biology in human life. The method is develope 
rather than informative and it does not confine ity 
to the use of any one of the usual procedures of ty 
principles or systematics. It is moreover a son 
book and not a fixed outline to be followed. Therea 
“comprehension tests” at the end of each “unit” 1 
questions for class discussion; also practical exeras 
a glossary and numerous appropriate quotations ft 
general literature. The illustrations are many 
good and the typography satisfactory. Naturally 
a book covering so much ground there are emi 


whole, however, it should serve an excellent purp 
in the hands of good teachers, but one wonders li 
well it wiil aid the teacher lacking comprehen 
understanding and background. 
The text by Clark and Hall is of a distinctly dif 
ent type from the others in the list. Its purpose i 
forth by the authors in the Preface in the follow 
words: “The aim of this book is to present, in a {tt 
which combines accuracy with pleasant reading, ! 
gist of modern knowledge about the living world” ! 
one thinks comprehension and understanding 0 4 
real mental development can result from pleastl! 
skimming over the surface of a subject, without li 
individual effort, this book would be a good ott! 

employ. 
C. E. 


ACOUSTICS 

Acoustics. By ALEXANDER Woop, M.A., D.Sc. (ii 
xvi+ 588 pp. New York: Interscience Publis 
Ine. Glasgow: Blackie and Son, Ltd. 1941. Sol 
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Tus book is characterized by a very happy mixture 


ate 

ion Bt experimental methods, particularly those pertain- 
, and g to recent advances in acoustics, with the mathe- 
of fulminatical theory of the subject developed to the stage 


f use in advanced problems, but without such dilution 
Materia generalities which often, in more advanced trea- 
OrOvidadmises, prevents one from getting rapidly to the point 
he wishes to reach. 

The mathematics is presented in attractive and com- 
paratively easily understandable form, and in the 
Jassical realm the book should form a good inter- 
mediary between an elementary book and such pro- 
und treatises as Rayleigh’s “Theory of Sound.” 

As an illustration of the respects in which the book 
‘mentsmbrings the science of acoustics up to date, we may cite 
rom the subjects treated such topics as “Applications 
n of if Supersonic Waves,” “Echo-Sounding,” “Sound- 
fron in Air,” “Submarine Detection by Binaural 
istening,” “Supersonic Waves in Liquids and Solids,” 
‘Measurements of Intensity by Various Modern Meth- 
t matummpds,” “Quartz Oscillators,” “Magnetostriction Oscilla- 
p in mpors,” a chapter containing about 40 pages on the ear 
icanceqmmnd hearing, a chapter of about 30 pages on the re- 
opmenfmmeording and reproduction of sound and a chapter of 
bout 30 pages on the acousties of buildings. 

The author is to be congratulated. upon producing 
a sou work which should be of considerable use not only 
0 the mathematical physicist but also to the experi- 
nit” af™m™mental physicist who wishes to enrich the possibilities 
exerci! his experiments by sound theoretical analysis. 


ons fn | W.F. G. Swann 
any i BarTOL RESEARCH FOUNDATION OF 

urally’ THE FRANKLIN INSTITUTE, 

err SWARTHMORE, PA. 
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THE GLASS ELECTRODE 


, he Glass Electrode, Methods, Application and The- 
By Doug. xv +332 pp. Illustrated. 
New York: John Wiley and Sons, Ine. 1941. $4.50. 
Ivy 1906 Haber and Klemsiewiez first showed that 
le potentials on glass surfaces in aqueous solutions 


unctioned with respect to hydrogen ion concentrations 


ly 
ose 
follow 


nati did hydrogen electrodes. Twenty years elapsed 
ding, @geetore practical use was made of this discovery to 
veld.” Mecasure pH, and it was natural that the earlier appli- 


ations were made by physiologists who had long real- 
ved the importance of hydrogen ion concentration in 
ital processes. This delayed development was in 
ajor measure due to lack of convenient electrometers 
or use in the high resistance glass electrode circuits. 
Bhe rapid development of thermionic tubes, which 
ere early applied to glass electrode circuits, coincided 
pith the rapid spread in the use of the glass electrode. 
0-day commercial instruments are made in large 
uantities by methods of mass production, and the 
‘rmerly laborious pH determination with the hydro- 
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gen electrode is, with the glass electrode, now about 
as simple as a temperature measurement. 

Now Professor Dole has fittingly capped this period 
of development and application by a treatise on the 
glass electrode which should be authoritative for many 
years to come. His knowledge, gained by much ex- 
perience in the theory and practice of the glass elec- 
trode, has been combined with an unusual skill in 
scientific writing and the result is an authoritative 
book of unusual clarity and completeness. 

Professor Dole devotes several chapters to theory 
which though brief are complete and furnish just the 
right amount of background for the understanding of 
practice. These include eonsiderations of the theory 
of solutions pertinent to hydrogen ion measurements, 
theory of vacuum tube cireuits and their application 
to glass electrode circuits, theory of cell assemblies and 
liquid junetions. In particular the chapter on the 
“Theory of the Glass Electrode” is noteworthy. Here 
the author has compiled all the literature and discussed 
in detail the theory and experiment which is concerned 
with the mechanisms by which the glass electrode fune- 
tions as a hydrogen electrode. 

The book devotes several chapters to the history of 
the development of pH methods and to special appli- 
cations of the glass electrode in biological chemistry. 
This latter shows how varied has become the use of 
this new tool including as it does not only the mea- 
surement of pH of blood in vitro but also continuous 
recording of pH in circulating blood. Even instan- 
taneous measurements of the pH changes in contract- 
ing muscle have been measured and important inter- 
pretations concerning muscle physiology drawn there- 
from. 

In the discussion of the application of the glass 
electrode in industrial research and control labora- 
tories are included references to the important uses 
in food, leather, rubber and many varied industries. 
Special chapters are devoted to micro methods, con- 
tinuous recording of pH and automatic pH control, 
potentiometric titrations, and many other special ap- 
plications’ of the glass electrode. Technical details of 


standardization and management of glass electrode - 


cireuits are fully given in special chapters. The use 
and limitations of the glass electrode in non-aqueous 
solutions is authoritatively discussed. The extensive 
bibliography alone is a valuable compilation. 

Research chemists, physiologists, physicists, patholo- 
gists, industrial chemists and many others will feel 
indebted to Professor Dole who has so ably given them 
this aid in their technical application of the glass 
electrode and a stimulus to the development of new 
uses for this invaluable tool. 

W. C. Srapie 
DEPARTMENT OF RESEARCH MEDICINE, 
UNIVERSITY OF PENNSYLVANIA 
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THE SIZE OF STREPTOCOCCUS BACTERIO- 
PHAGES AS DETERMINED BY 4-RAX 
INACTIVATION 


INFORMATION about the particle size of bacterio- 
phages has been obtained chiefly by ultrafiltration and 


centrifugation methods. Data of various authors, as 


collected by Elford, seem to indicate that the particles 
of each phage are homogeneous in size; and that par- 
ticle size is a characteristic property of each phage. 
Coli-dysentery phages have particles ranging from 
8-20 mu (phage “S13”) to 50-75 mp diameter (phage 
“C16”). Staphylococcus phage “K” has a diameter 
of about 50-70 mu. The largest phage at present 
known has particles of 80-120 mu (Subtilis phage). 

While the particle size values as given above are 
usually accepted, it must be mentioned that diffusion 
studies? have suggested that phage particles may be 
much smaller and inhomogeneous in size. : 

A new method has recently been developed,* which, 
on the basis of radiation experiments, seems to give 
useful information about the particle size of baeterio- 
phages. 

When suspended in a suitable medium the sensitiv- 
ity to x-rays of a phage strain, measured by the 
percentage of active phage which remains after a 
certain amount of radiation has been given, is a 
highly reproducible property of that strain, and ap- 
pears to be a function only of the size of its particles. 
The irradiation experiments interpreted in terms of 
the “hit theory” indieate that a phage particle is 
inactivated by a single ionization (or excitation) 
process. In order to be effective this process must 
take place within a “sensitive volume,” the size of 
which can be caleulated from the rate of inactivation. 
This volume is found for each strain of phage to be 
of the same order of magnitude as the volume of the 
phage particle itself, as determined by ultrafiltration 
and centrifugation. 

We have now used this method to obtain informa- 
tion about the particle sizes of three streptococcus 
bacteriophages, which had not previously been mea- 
sured. These phages have been described by A. C. 
Evans.* They are distinguished by their serological 
specificity, by bacterial host specificity and by the 
type of plaque they produce on solid medium. 

Samples of the bacteriophages suspended in peptone 


1W. J. Elford, in Doerr and Hallauer, Handbuch d. 
Virusforschung, p. 126, Julius Springer, Wien, 1938. 

2J. Bronfenbrenner, Jour. Exp. Med., 45: '873, 1927 ; 
D. M. Hetler and J. Bronfenbrenner, Jour. Gen. Physiol., 
14: 547, 1931; J. H. Northrop, Jour. Gen. Physiol., 21: 
335, 1938. 

3 E, Wollman, F. Holweck and S. Luria, Nature, 145: 
935, 1940; D. E. Lea, Nature, 146: 137, 1940. 

“A.C. ’ Evans, U. 8. Public Health "Reports 49: 1386, 
1934. 
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broth in small celluloid tubes were exposed to x.y, 
(475 kv equivalent constant potential, 13 ma, .25 ,, 
Cu plus .45 mm Al filter, 960 roentgens/min. jp 
sured in air at 37 em focal distance, absorption y 
seattering corrections negligible). Afterward 4m 
phage content of each sample was determine }, 
plaque count. The results are shown in Fig. 1, _ 
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Fic. 1. Inactivation curves for three streptococcus lui 
teriophages. Abscissas: dose of x-rays in roentgel 
Ordinates: proportion of bacteriophage particles remugyy 
ing active after irradiation. 


It is evident that in each case the experimenit 
points can be fitted by an exponential curve (strait 
line on semi-logarithmic plot) within the limits of 4 
experimental errors, which in plaque counts wi 
streptococcus phages are likely to be rather ~ 
Having established the exponential relation with ¢ 
precision for other phages,® we Shall assume tf 4 
apply here. 4 

Table I gives the diameters of the “sensitive im 
umes,” calculated from the eurves in Fig. 1 by Ley 
method.* Assuming that the relationship which exfi™ 
for other phages between size of sensitive volume qm 
particle size is also valid for the streptococeus pha 
we can tentatively consider the values of Table 14 
estimates of particle size. It should be mentioned t! 
the recognized uncertainties in the absolute measi™i™ 
ment of x-ray dosage at 500 kv are not large enol 


5§. E. Luria and F. M. Exner, Proce. Nat. Acad. 56 
27: 370, 1941. 
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TABLE I 
LO Sensitive 
Streptococcus Inactivation volume 

25 strain dose in r* diameter 
m 
tion 563 200,000 26 

594 110,000 33 


‘ined 
1, Dose giving inactivation ratio = 1/e. 


r influence the present results, since particle diame- 
&s depend (through volumes) on cube roots of inacti- 
rates. 
‘ A comparison with previously measured phages® 
| 4 ws that phage D is a medium size phage; phage C 
j glls among small phages (like C13 Burnet); and 
B is still smaller. 
@ The classification of these three phages as separate 
B sities, based up to now on their different biological 
Bo pertios, finds further justification in their differ- 
particle sizes. 
A general relationship of inverse proportionality 
Mies been shown to exist between the size of phage par- 
i les and the size of the plaques they produce on 
lear (Elford, Burnet). Such comparisons are definite 
. bly for plaques produced in presence of the same 
ist strain of bacteria, which was not the case in our 
: periments. Nevertheless, it is probably not mean- 
Mbcless that the smallest phage B is a “large plaque 
@prning” strain, whereas the larger phage D produces 
small plaques. 

We hope soon to check the particle size values as 
ven here by other methods (ultra-centrifugation, 
microscope). 
= We are indebted to Dr. A. C. Evans for supplying 
7 t he strains of bacteriophages and of host bacteria. 
nly three out of four strains were studied, owing to 
uy in obtaining reproducible counts of the 
Splaques formed by phage A. 
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FRANK M. EXNER 
S. E. Luria 
DEPARTMENT OF CANCER RESEARCH AND 
THE BACTERIOLOGICAL LABORATORIES OF 
THE DEPARTMENT OF SURGERY, 
COLLEGE OF PHYSICIANS AND SUKGEONS, 
COLUMBIA UNIVERSITY 


THE DETECTION OF POLIOMYELITIS 
VIRUS IN FLIES! 


| 


Ze virus of poliomyelitis has been detected in collec- 
| : ons of flies made in the field during epidemics of this 
m sease. The first positive test was obtained from a 
mmer camp (Camp §.) in Connecticut, where at 
three frank eases of poliomyelitis occurred dur- 


‘Aided by a grant from the National Foundation for 
nfantile Paralysis, Ine. 
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THE present note deseribes two instances in which 
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ing the latter half of July, 1941, among a varying 
population of about 100 children, and where during 
the first half of August, two other proven, convales- 
cent (intestinal) carriers were present among the 
campers. A sample of roughly 1,000—1,200 flies, 
caught out of doors in the vicinity of the eamp kitchen 
on August 6th and 8th, was stored in the refrigerator 
until ready for inoculation. The bulk of this sample 
was made up of several varieties, including in particu- 
lar, three types of green-bottle flies or Lucilia (viz.: 
sericata, caesar and sylvarum) and one variety of 
blow-fly, Phormia regina. In lesser numbers there 
were also representatives of the common house fly 
(Musca domestica) and flies of the following species: 
Muscina_ stabulans, Sarcophaga haemorrhoidalis, 
Ophyra leucostoma, Protocalliphora, and some ques- 
tionable examples of Stomozys.? 

Two types of inocula were prepared: (a) an emul- 
sion of 100-300 flies macerated in 200 ee of sterile 
water; and (b) washings from 400-600 flies in 50 ee 
of water. Sample a was centrifuged and from the 
mid-layer a 30 ee portion was frozen and set aside 
for nasal instillation, while to another 20 ce mid-layer 
portion, 15 per cent. ether was added (for bactericidal 
purposes) and it was allowed to stand in the ice box 
overnight before being injected intraperitoneally. 
Sample b was filtered through gauze and used for 
nasal instillation. On August 12th, 10. ce of the ether- 
ized portion of sample a was injected intraperito- 
neally, and on 3 successive days 2 ce amounts of 
samples a and b were instilled intranasally into one 
eynomolgous monkey (No. 1676). This animal devel- 
oped poliomyelitis after an incubation period of 15 
days. 

The second specimen of flies to yield the virus was 
obtained in the vicinity of Jasper, Alabama, where 
poliomyelitis was epidemic during July and August, 
1941. On August 20th, a fly trap was placed near a 
privy used by three households where cases of polio- 
myelitis had recently occurred. On August 24th, a 
sample of flies, representing about 200 specimens 
(unidentified as to species, except for the presence of 
green-bottle flies, blow-flies and probably house flies) 
were removed from the trap, packed in dry ice and 
mailed to New Haven, where they were prepared and 
inoculated into one eynomolgous monkey (No. 1840) 
which developed poliomyelitis after an incubation 
period of 9 days. The methods used were essentially 
the same as those described in the first animal. 

Criteria for the identification of the virus in these 
two instances have been that the monkey developed 
signs and symptoms of the experimental disease; that 
typical histological lesions were found in the cervical 

2 We are indebted to Dr. R. B. Friend, of the Connecti- 


cut Agricultural Experiment Station of New Haven, for 
the identification of the specimens. 
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and lumbar levels of the spinal cord. Both strains 
of virus have been passed in other monkeys, and 6 
mice inoculated intracerebrally with each strain have 
remained well. 

, During the summer of 1941 four other samples of 

‘ flies from epidemic areas have been tested in eight 

cynomolgous and green African monkeys in our New 
Haven Laboratory with negative results. Previously 
we had also tested by various methods many samples of 
flies and many varieties of other insects collected from 
seven epidemics over a period of ten years. In the 
majority of these earlier tests rhesus monkeys were 
used; all these tests proved negative. 

It is well known that house flies contaminated arti- 
ficially will harbor or carry the virus of poliomyelitis 
for several days.* Furthermore, occasional attempts 

at transmission of the experimental disease through 
the agency of the stable fly (Stomoxys calcitrans) 
seem to have been successful. To our knowledge, 
however, the only other report which might be con- 
strued as an example of a positive test from flies in 
nature, is that of Rosenow, et al.° In one of their 
monkeys (variety unspecified) inoculated with a 
filtrate of flies collected during the epidemic of polio- 
myelitis in Kentucky in 1935, poliomyelitis apparently 
developed. 
J. R. 
J.D. Trask 
M. B. BisHop 
J. L. MELNICK® 
SECTION OF PREVENTIVE MEDICINE AND 
DEPARTMENT OF PEDIATRICS, 
YALE UNIVERSITY SCHOOL OF MEDICINE 
A. E. Casey 
DEPARTMENT OF PATHOLOGY AND 
BACTERIOLOGY, 
LOUISIANA STATE UNIVERSITY 
 ScHOOL oF MEDICINE 


THE LOCALIZATION OF THE NICOTINE 
SYNTHETIC MECHANISM IN THE 
TOBACCO PLANT 


EvIvENCE is to be presented elsewhere! that tobacco 
shoots grown as scions upon tomato roots contain only 
traces of nicotine and that tomato shoots grown as 
scions upon tobacco roots accumulate large quantities 


3 §, Flexner and P. F. Clark, Jour. Am. Med. Assn., 56: 
1717, 1911; C. W. Howard and P. F. Clark, Jour. Exp. 
Med., 16: 850, 1912. 

4M. J. Rosenau and C. T. Brues, Trans. XV Internat. 
Cong. Hyg. and Demog., Washington, 1912, 1: 616, 1913; 
J. F. Anderson and W. H. Frost, U. 8. Pub. Health Rept., 
27: 1733, 1912. 

5 E. C. Rosenow, L. H. South and A. T. McCormack, 
Kentucky Med. Jour., 35: 437, 1937. 

6 National Research Council Fellow. 

1 R. F. Dawson, in press. 


of the alkaloid. Analogous experiments have just been © 


completed in which reciprocal grafts of Datura Stra. 
monium L. and Nicotiana tabacum L. var. Turkish 
have been examined for their nicotine content. Hggen. 
tially the same results have been obtained as have heey 
reported for the tobacco and tomato graft hybrids 
After approximately one month of growth the Datur, 
scions had accumulated 10 mgms of the alkaloid each, 
which represents a concentration of 0.03 per cent, op 
the basis of fresh weight. The leaves of each tobaceo 
scion contained on the average only 4.5 mgms of 
nicotine, a quantity which was not significantly greatey 
than the amount present in the scion at the time of 
preparation of the graft. Increase in fresh weight 
during the thirty-day period of growth was 44-folq 
for the tobacco and 10-fold for the Datura scions, 
Since the above data obviously suggest the possibility 
that nicotine may be manufactured in the root system 
of the tobacco plant and not in the leaves, as has been 
believed heretofore, a number of experiments have 
been performed which contribute indirect evidence in 
support of such an interpretation. 

A number of Turkish tobacco leaves were cut from 
the stalks and rooted in moist sand. In the beginning 
each leaf contained 0.96 mgm of nicotine, but after 
development for about two months the alkaloid con- 
tent increased to 46 mgms per leaf. At the end of 
another 16 days this figure had again increased to 71.6 
milligrams. The root system attached to each leaf 
of the last two collections contained 2.4 mgms and 
2.7 mgms, respectively. In view of the constantly 
increasing amount of nicotine in the leaves, the rela- 
tive constancy of the amount present in the root system 
appears to substantiate the idea that the seat of nico- 
tine synthesis is the root and that the presence of the 
alkaloid in the leaf tissues may best be explained on 
the basis of translocation and accumulation. 

If the presence of nicotine in tobacco leaves is to 
be regarded as a result of translocation from the roots 
and not as a synthesis in situ, then it should be possible 
to detect the alkaloid in appreciable amounts in either 
the xylem or the phloem of the tobacco stalk. Conse- 
quently, the stalks of four mature, field-grown Turkish 
tobacco plants were separated into three fractions 
which consisted almost entirely of (1) xylem, (2) pith 
and (3) phloem, pericycle, cortex and epidermis. The 
separation was easily effected, since the secondary 
xylem of the stalk forms a hard woody cylinder from 
which the more succulent tissues are readily peeled. 


The results of the analyses of these fractions are givel 


in Table I. It is readily observed that nicotine Wa 
present in the xylem in sufficient amount to establish 
this tissue as a possible path for the movement of the 
alkaloid from root to leaf. In substantiation of this 
observation, the cut stumps of six Connecticut Broad- 
leaf No. 38 tobacco plants were allowed to bleed into 
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TABLE I 


sTRIBUTION OF Dr¥Y WEIGHT AND OF NICOTINE IN 
nap DI ToBacco STALKS 


Per cent. of 
Tissue Dry weight Nicotine total nicotine 
fraction per stalk gm, perstalkmgm ‘j) one stalk 


em 14.3 2.8 19.2 
3.8 4.7 32.2 
4.5 71 48.6 


oreelain evaporating dishes, and the sap thus ob- 
nined was analyzed for nicotine. The results show 
tat this material, which, incidentally, could be seen 
» exude from the xylem only, contained 0.24 mgm of 
‘icotine per milliliter. The possibility is not to be 
scduded that the translocation of nicotine, if it 
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actually occurs, may take place, in part at least, in 
the phloem. From the evidence at hand, however, 
the following tentative suggestions are advanced: (1) 


nicotine is apparently synthesized in appreciable 


amounts only in the roots of the tobacco plant; (2) 
the presence of the alkaloid in the leaves of the intact 
plant in higher concentrations than exist in either 
stalks or roots may be explainable on the basis of 
translocation and accumulation; and (3) the presence 
of the alkaloid in appreciable amounts in the xylem 
suggests that nicotine may move from root to leaf 
principally through this component of the vascular 
system. 
Ray F. Dawson 
UNIVERSITY OF MISSOURI 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


ANEW TYPE OF MICRO-RESPIROMETER 


Tus apparatus functions as a constant pressure 
dlumeter, which is a type not hitherto described. It 
onsists simply of a fine bore capillary tube with a 
hercury piston at one end, a stopcock at the other end 
nd, near the middle, a T-connected conical tube that 
as a pocket for alkali and supports a coverglass on 
hich the experimental material is placed as a hang- 
ng drop. An index drop (high boiling kerosene), 
laced between T-joint and stopcock, divides the gas 
pace into an experimental volume (V,) and a control 
dlume (V,). V, is maintained constant by returning 


Cover dass 


= 


xtr 
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Fic.1, Diagram of respirometer. Alkali well is 
t right angles to position in diagram. A T-connection 


Pmipiataeat mereury is not shown. Overall length, 17 
ncnes, 


he index drop, at each reading, to its original posi- 
on by means of the mereury piston. The distance 
bat the mercury moves, multiplied by the eross-see- 
onal area of the capillary, gives directly the volume 
'gas absorbed or produced. The respirometer is im- 
tersed in a water bath and readings are taken through 
'@oscopes with eyepiece micrometers. Some of the 
nnecipal features of the apparatus are: (1) Con- 
tuction is simple and inexpensive. (2) The read- 
8 are not affected by temperature change, since ac- 
nding to the gas laws a change from T to fT in the 
stem is accompanied by a proportionate change in 
ressure tofP. Thus, if the absorption or production 
‘moles of gas gives a volume change, AV, at T and 


f 
It will be Pred at fT and fP. In other words, the 


temperature may vary by any amount and displace- 
ments of the mereury meniscus will still measure the 
same amounts of gas change as at the temperature 
and pressure of the initial reading. Temperature con- 
trol is therefore unnecessary, except to the extent that 
it is desirable to avoid large variations in the rate of 
metabolism of the tissues. It is, however, essential 
to avoid temperature differences between the two gas 
spaces. (3) By setting the drop in motion before 
each reading the mercury piston insures attainment of 
pressure equilibrium. It also simplifies the initial set- 
ting of the drop and wetting of the capillary. (4) 
Fluid and gas volumes need not be known. (5) Cells 
can be observed during the experiment. (6) Material 
ean be added from an adjacent drop by tapping or 
tipping or the incorporation of a small piece of iron 
filing and the use of a magnet. (7) Since the cells lie 
on the bottom of the hanging drop, gas exchange is 
facilitated without the necessity of shaking the ap- 
paratus. 

Using capillaries of 0.2 mm diameter and reading 
to the nearest 0.005 mm, a volume change of 0.003 cu 
mm (0.1 mm displacement) is measurable with a read- 
ing error of 10 percent. There is, however, a factor 
that has prevented the attainment of this sensitivity; 
namely, that the index drop drifts when the respirom- 
eter is empty. The drift is variable and has ranged 
in different tests from 0.05 to 0.2 mm per hour. It is 
always in the direction of V,. Tests under various 
conditions have eliminated, as possible causes, such 
factors as non-uniform temperature change, leaks, 


' gravity, non-uniformity of capillary bore, osmotic 


pressure of solutions, ete. Dr. Needham! suggested 
that it may be due to a slow oxidation of the petro- 
latum used for sealing on the coverglass, but other 
greases have not as yet eliminated the drift. In each 


1 Personal communication. 
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run it is fairly constant, so some correction for it 
may be made by taking blank readings. - With suffi- 
cient quantities of material the drift is negligible. 
Five experiments with samples of 1,000 to 2,000 fer- 
tilized Strongylocentrotus eggs gave oxygen consump- 
tion values of 6.6 to 7.1x10-° cu mm/hour/egg as 
compared with an average of 6.4 x 10-5 from Warburg 
manometer measurements on about 100,000 eggs. 
Four experiments on samples of 100 to 200 eggs gave, 
when corrected for the drift, values of 5.3 to 9.1 x 10-5. 
While this variation would be greatly diminished by 
elimination of the drift, the apparatus is still usable 
with reasonably small amounts of material. It should 
be noted, too, that it offers advantages over other types 
of respirometers on a macro-scale as well. 


ALBERT TYLER 


Wituram E. Bere 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


A QUALITATIVE TEST FOR BILE IN THE 
URINE 

DurinG the course of an investigation involving fre- 
quent determinations of sulfonamide drugs in urine 
by the Maher-Camp modification of the Marshall 
method,! several samples of urine were obtained which 
developed a marked green color upon the addition of 
the sodium nitrite reagent used in the determination. 
Subsequent investigation indicated that bile, present 
in these urines, was responsible for the green color, 
and led to the following qualitative test for the pres- 
ence of bile in urine: 

Ten ce of suspected urine are placed in a test-tube 
and acidified by the addition of 1 ce of a 20 per cent. 
solution of para-toluenesulfonic acid. Ten per cent. 
hydrochloric acid may also be used, although better 
results have in our hands followed the use of the 
organic acid. Two minutes later, 1 ce of a 0.1 per 
cent. freshly prepared solution of sodium nitrite is 
added, and the contents of the tube are mixed well. 
The development of a green color indicates the pres- 
ence of bile, presumably by the oxidation of bilirubin 
to a green derivative. So far, we have found no sub- 
stances which produce a similar reaction. 

Further studies have indicated a marked difference 
in the reaction of various types of bile to this test. 
We have been able to detect the presence of dog bile 
(gall-bladder) in aqueous dilutions of as high as 
1: 1,000, and the presence of this concentration of 
dog bile diluted in normal human urine can be demon- 
strated by this test. However, rabbit bile (gall-blad- 
der) is usually not demonstrable in aqueous dilutions 
greater than 1: 50 to1: 100. Human biles have varied 
rather widely, with the sensitivity in aqueous dilution 
ranging from 1: 60 to 1: 500. 


1F. T. Maher and W. J. R. Camp, Jour. Lab. and Clin. 
Med., 24: 1198, 1939. 
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In three samples of pathological urines, obtaing 
from jaundiced subjects, the sensitivity ang , 
venience of the above method were compare vj 
results obtainable by the usual Gmelin and Hyp, 
techniques. Using these three urine specimens, jit 
difference in sensitivity could be demonstratej = 
each ease positive tests for bile were demonstr:)), dim V° 
aqueous dilutions of 1:50 to 1: 60, and results yale 
unconvincing in higher dilution. However, the nity 
acid oxidation method was more rapid and conyenjg 
of application, avoided the use of the nitric acid ory 
shaking out with calcium hydroxide, and affoy 
results comparable with the best results obtainsif 
with the Gmelin or Huppert techniques. Results, 
more easily read than those by Gmelin’s test, du 
the diffusion of the green color and the avoidance, 
the ring formation. 

Attempts to establish a quantitative analysis hay 
upon the above procedure have not been succes 
due to the difficulty in preparing a stable and utij 
able solution of bilirubin. . 

Obviously, the presence of bile in the urine { 


jaundiced subjects may interfere with the deterniii D 
tion of sulfonamide drugs in such samples. 
FRANK T. 
DEPARTMENT OF PHARMACOLOGY, 
UNIVERSITY OF ILLINOIS, 
COLLEGE OF MEDICINE 
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